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LEE, Kyong Sei (KODEL)

Detector characteristics for phenolic (HPL) 4-gap RPCs Prototype 4-ecap HPL RECs

v’ Rate capability ~ 5 kHz cm=
v Time resolution ¢~ 1 ns

Bulk resistivity of the HPL = ~ 2.7 X 10%° Q em (produced for CMS RPCs in 2007)
V' Detectors can be produced with the same method as the current 2-gap RPCs Thickness of each gap (spacers manufactured from a PC panel) = 1.06 £0.01 () mm
v Strip layout — same as for the current 2-gap RPCs Strip length = 45 cm
v Oiling required to reduce noises Strip pitches = 14 mm for 32 anode strips
4-gap RPCs Used a 32-ch FEE developed and currently being used for 2-gap CMS RPCs
. . _ qe Digitization thresholds = 80 fC (140 mV), 130 fC (195 mV), 170 fC (220 mV)
Timing RPCs TRt — Pancl-shape Gas mixture: 95.2% C,H,F, + 4.5% i-C,H,, + 0.3% SF
Construction method — 2-mm-thick
FEB and trigger Electronics —) 2-gapRPCs

| 2zapRPGs 4-gap RPCs

Thickness of single gaps 2.0 mm 1.0mm

Total thickness of gas volume 4.0 mm 4.0 mm PELRAE
<ge> @ HV oo, 2.5pC (Th~170{C) 1.2 pC (Th~130fC) - 1 3 - - mﬂm

<g.>at ~200V > HV,_ g, 4.0pC 1.5pC } . X A \ Strip panel

Type of resistive plates HPL HPL ? )\ e "‘ = Graphite layer]

Thickness of HPL 2.0 mm 2.0 mm TR \ Gagaolumewitl tvostsmimithick gaps. 1-mm thick
clne: / i . § ] coin spacers
Resistivity of HPL Afew < 10" Qcm Afew > 10"°Qcm - e M
£ e sp:

Current consumption per unit rate ~300 pA m2kHz?! ~100 pA m2kHz* along periphe Conmer shest

)
O
—
-

Installed the detector vertically to maximize the G a distributions det ed by fasteststrip

incidence of the gamma rays.

9. Conclusions and Future Plans

— Muon-tagging angle = 75° ~ 85° 300 Congclusions for the current R&D
(1) Manufacture of detectors

Data ‘_iig“iZEd at130 fC - | ‘ . 4-gap RPCs can be manufactured with the same technology used for the current double-gap
v with no gammas : e RPCs in the CMS experiments.
¥ with gammas I | | =5 ’ - Each bi-gap gas envelope is composed of 3 HPL panels.

- The rest detector features are actually the same as the ones for the current double-gap RPCs.

Angle range for 3 .
cosmic-muon tagging E | I ’ | " (2) Have tested the prototype detector for muons and high-rate gamma background using

A s the current CMS-RPC FEE
Strip numbers - Efficiency plateau > 800 V (confirmed)
1 - Rate capability > 5 kHz em™ (confirmed)
- Shifts in HV due to gamma rates: ~ 400 V at N, = ~ 3 kHz cm™
- Relevant digitization threshold for the current 1-mm thick 4-gap RPCs: 100 - 150 fC
¥ Lower threshold — plateau size becomes smaller
¥ Higher threshold — large shift of the operational plateau toward higher HV

Future R&D plans for 4-gap RPCs:realistic R&D with real sized detectors
v" Thickness of asingle gap: 1.06 mm — 0.8 mm to get the working HV’s around g kV.

Spacers should be produced by a molding method.

2000 4000 6000 8000 10000 12000 14000 16000 v Aglﬂg Stl.ldy usiﬂg gamina rays up to ~1Ccm™
TDC Time (ns)
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RPC with a Cs-137

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014




IMAD, Laktineh (CNRS/IN2P3)

R&D on high rate RPC

R&D on high rate RPC

2 Sei Beam counter
Readout pads lofhghed :
PCB interponnect (1cm s/1cm) PM ScintPM
PCB (1.2mm}+ASICs(1.7 mm) Readout ASIC
+ A

PCB\support [(polycarbonate) (Hardroc2, 1.6mm)

Mylar layer (S0u)

Gas gap(1.2mm)

DESY electron beam

Cathode glass (1.1mm)
gyl tion Ceramic ball spacer + resistive coating

Glass fiber frame (=1.2mm) in;ds}esglvaesscégé;n;m)

1 standard GRPC+ 4 low-resistivity GRPC

: 93%(TFE) S9%(CO,),2%(SFy, 7.2 kV

i —
e

Semi-conductive GRPG
GRPC 2
GRPC 3
GRPC 4
GRPC 5

Total thickness (detector 3 mm+ readout electronics 3 mm): 6.0mm

Float GRPC
GRPC 1 float glass.

| 30X32 em?

Same electronics readout

used in the SDHCAL

9 kHz/cm?is highest rate one can get at DESY
Tsinghua glass (10° Q cm)

R&D on fast time RPC
Conclusion and perspectives

If only 1-2 nanoseconds are needed then the first option is to use

e the HARDROC ASICs (well tested and available)
HARDROC : 64-channel, 2-bin readout (three comparators, 3 thresholds),
Dynamic range : 10fC-10pC.

-R&D on high rate and fast timing GRPC is very active.

-High rate capability is demonstrated. Single-gap detectors using Tsinghusa. low-
resistivity glass are still efficient with few kHz/em? rate.

-Use SDHCAL DAQ (available).

43mm

-Use 2 TDC with 100 ps time resolution (available) per ASIC
(use the U64 available signal for each of the three comparators
as input)

-Design new PCB with pick-up strips (pitch of 2.5 mm)

on the two faces of the PCB with 1 mm staggering between the two faces.

ASICs are embedded on the PCB.

‘The exploitation of the excellent time precision the RPC could provide is pursued by
developing/exploiting high performance TDC and ASIC. 10-20 timing precision seems
to be reachable.

“The first aim of this R&D is to check the robustness of the proposal we made to equip
the high 1 of CMS with costeffective muon detectors capable of supporting high rate
and providing timing information

The newPCB can be used to equip the small GRPC already tested or new ones
with the same electronics adding an external TDC and then use cosmic rays to
check the sub-nancsecond time resolution.

The time precision will allow to exploit fairly the fourth dimension. New area of
applications could benefit form this developments: medical application,
astroparticles....

High rate, fast ti
LHC experimen

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



How to increase rate of MRPC

Voltage drop changes with rate:

V

drop

=7,

-V, =IR=G¢pd

sap

Four ways to improve rate capability:

+ Reduce bulky resistivity of electrode glass
» Reduce the glass thickness

+ Warming technology

» Reduce the charge

Wang ¥i, Tsinghua University

Xl workshop on RPC and related detectors, Feb 23t 281, 2014, Tsinghua University, Beljing

11

Development of low resistivity glass

Components:

$i02, Fe,0,, Na,0 ,AL,0, , MnO,

Glass resistivity: ~10'9 Qem

Wang Yi, Tsinghua University

Process:

Melting

Cooling

» Different compositions and related

production procedures have been
studied, yielding a tunable bulk
resistivity in the range of 101°-10'* Qcm.
In the mass production, in order to
produce reliable glasses with high
quality, surface measurement has been
taken as a key part of the quality control.
This glass shows a large stability against
electrical stress.

—§

Cutting

i

Polishing

Xl workshop on RPC and related detectors, Feb 23" 28, 2014, Tsinghua University, Beijing

Performance of TO

Slewing correction
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Wang ¥i, Tsinghua University

Xl warkshop on RPC and related detectors, Feb 23t 2gth | 2014, Tsinghua Un iversity, Beljing

Rate test by X-ray

Lead wall for shidding: I {GH oullet z
‘ ]
dam * e ok H
\ L

MRPC

Coanting current (1A}

S ! AN

The maximum counting rate of 0.35MRPC is about 21 kHz/cm?2, which is 4 times
higher than the 0.7MRPC and 3 times over the 0.SMRPC. It seems that the thinner
glass electrode MRPC have a higher rate capability. But this estimate has te be
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validated through a detailed beam test.
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Wang i, Tsinghua University

Xl workshop on RPC and related detectors, Feb 23t 2gth | 2014, Tsinghua Un iversity, Beljing




XIA, Lei (ANL)

RPC rate capability
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Particle flux through RPC = Signals = Current through detector, in particular
through resistive electrode (glass/Bakelite) = Voltage drop on resistive electrode
- Reduced voltage on gas volume = Lower gas gain, lower efficiency = limiting
factor for rate capability

Forstable particle flux, after transient, the voltage on gas volume uis *:

Constant « signal charge

High voltage applied on RPC Threshold voltage for signal to appear

. _u+2c¢fpd,u,
Y+ 2¢fpd,

Particle flux rate ‘ Thickness of resistive electrode

Bulk resistivity of electrode material

Ways to improve RPC rate capability
—  pl: lower resistivity electrode material Focus of this talk
— dyl: reduce thickness of electrode

— ¢\ : operate with lower gas gain, together with more sensitive readout

Resistivity of the glass samples

1** measurement was done with copper tape on rubber pad as probes
the contact to glass is not great, but can get a rough idea about the resistivity
p(samplel) = ~7x10% Q-cm (R ~7 MQ)
p(sample2) =~6x10% Q-cm (R~ 8 MQ)
This is right on target (10% Q-cm)
2" measurement was done with sprayed on graphite coating
— Electrical contract is significantly improved
— Both sample show very low resistance (~100 kQ)
— Seems like there are some very localized conductive path through the samples

Otherissues with the two samples
— Some visible inclusions and bubbles
— Unfinished polishing on one side of sample 2, and overall finish is not very good

We went ahead to make a small RPC, knowing it will fail...

Development of low resistivity electrode material

We participatein the low resistivity Bakelite developmentled by USTC, China
— Report this morning from Prof. Liang Han
We are also interested in developing a low resistivity glass that could be produced
atreasonable cost
More stable material properties, compare to Bakelite
Better surface quality and flatness
Low resistivity glass currently available (for example, from Tsinghua University) is quite
expensive
Argonne NationalLab engaged lowa University and COE College to develop low
resistivity glass
COE College (Cedar Rapids, lowa) is the expert is glass related research
Small samples made/tested at COE college in 2012
First ‘large” samples made at COE college, tested at ANL in 2012 —2013
Second ‘large’ samples made at COE college late 2013, being tested at ANL

RPC prototype

We managed to cut out 3 pairs of rectangular pieces out of the large fragments, all
about4 cmx 6 cm

3 small prototype RPCs were builtand HV tested — all of them can hold > 7 kV with
minimumdark current. No sign of any break down / spark.

The gap size is ¥1.1 to 1.2 mm, a decent avalanchessignal should show up at ~ 6.3 kV,
with ~¥90% efficiency using DHCAL readout

Due to the small size of these RPCs, we plan to skip cosmic ray tests and go directly
to test beam at Fermilab.

HV test




LIBERYI, Barbara (INFN, Tor-Vergata)

New Gas Tetrafluoropropene
(CHF=CHCF?3)

GENERAL PROPERTIES

Molecule

Honeywell HFO-1234z2 Blowing Agent

frans - 13,3 3etrafiuoropropene

CASE

1646 -83-6

ELNCS #(E)

47-460-0

Formula

trans - CHF=CHCFy

Malecular Waight

114

Boing Point

-19C

Vapor Prossure @ 25° C

400 kPa

apor Pressure @ 55° C

1060 kPa

Liquid Density & 25° G

1.18 gmiem*

Wapaur Thermal Conductivly

120w\ [me %K (8 25°C)

Hame Limis

None to 30 C

Czone Deplstion Potental

Zero (non-0D5)

Global Warming Potential

B (100 yr tima horizan)

It can easily replace HFC- 134a

It is not flammable

It has a safe use

Envirenmental acceptability ( low GWP)

Compatibility with materials
commonly used

Compatibility: The product does not present
any particular problems of compatibility with
materials ( plastics and elastomers ) and is
similar to R134a

Security: HFO- 1234ze , the reference ambient
temperature (21 ° C ) is not

flammable , according to the ASTM Method E-
681 and the EU Test A-11

Increasing Tetrafluoropropene .

Adding Tetrafluoropropene 1.

Adding Tetrafluoropropene to Argon

Efficiency %

e
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“ ¢¢ —&— Mix80-20 Amp Aval
-&- Streamer
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20\]0‘ ‘2‘5‘0‘0‘ ‘E‘-D:Jt‘l‘ I:’;E‘U&I ‘AOIUID‘ ‘4‘5"3‘0‘ IS‘O‘UG‘ ‘;5:]0 8000 6500 7000
HV (V)
All mixtures of gases are composed by
Argon, Isobuthane and Tetrafluoropopene

And are referred to with name
“Mix %Argon-%lsobuthane-%Tetraflucropropene”

Conclusions

These very preliminary results show that:

» Tetrafluoropropene has shown a very strong effect
both in quenching and in keeping the charge at low
level

Increasing Tetrafluoropropene

Efficiency %

* Mixtures like Ar-Iso-Tetra=82-3-15 are adequate for
streamer working mode with very modest delivered
charge. The small loss of efficiency could be
compensated by a larger gap size

[
¢¢.$§§;:E¢ 44
LI AR

+ i e A e Mixa3611 Amp Aval

~6- Streamer
+ & Mixg2-3-15 Amp Aval

—&- Slreamer
; —+ Mix76-3-21 Amp Aval
ol b b Lo b L g

—=— Slreamer
.
3800 4000 4500 5000 5800 6000 6500 7000
HV (V)

* These mixtures are promising even for avalanche
working mode with an appropriate FE Electronics and
a dedicated chamber layout
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NAUMANN, Lothar (HZDR)

gap size:

width 300 um
length 1 mm .
radius 1 mm

\ ) Seite 10

RPC probe

Avosm0

e oal

float glass
'3 102 0:cm
0°28 040

| ceramics
2-108Q-cm &

X

=

Effective Townsend coefficient

200

{GF,H/i-CH, /SF, 85/5/10 fa;

_ 10 4
E - = Townsend :
= { e~ Attachment
Tl ! .. Effective
S 120 F H Townsend
£ i W simulation
§ 100 F | - :
=t 4 - First measurements for strong fields of
§ 80t 1) 100 kv/cm in 300 pm gaps at atm. pressure
5 60 F "q - Magboltz simulation is in disagree ment
) a0 b to our measurements

20k oy measurement

~G-g.
o CH L Teeregd

0 20 40 60 80 1C0 120 140
Electric Field [kV/cm]

C. Lippmann et al., Nucl, Instr. and Meth, A 518 {2004) 86

Or. Lathar Naumann | Institute of Radiation Physics | www.hzdr.de

a
2

Electron drift velocity

our measurements:
* 0,3 mm; float glass

@ 0.3 mm; SIN/SIC

First measurements at 100 kv/cm
in 300 pum gaps at atm. pressure
Magboltz simulation is in

agreement to our measurement

1sion measure
tures with las

miX

Prec

o)

.Satyanarayana, TIFR, Mumbai

Drift Velocity (LLm/ns)

C,F,1,/i-C 1, /SF, 96.7/3/0.3 e

Ji-C I, /SF 85/5/10 |

= Timing RPC successfully probed in a table-top

A

H,, 90/10 )
i o e o e ST Bt

laser facility (300um; 100kV/cm; 1atm.)
= Eff. Townsend coefficient for Freon/SF,/IB
is in disagreement to Magboltz simulation

= Electron drift velocity in Freon/SF//IB is in
considerable agreement with simulation

= Signal time spread shows no sufficient figure of

60

Electric Field (kV/cm)

merit

80 100 120

. Lippmennetal, ucl. istr and bisth, & 518 (204)85

Dr. Lothar Nauman | Institute of Radiation Phys i | wrw.hzdr.de

DRESD
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Dr. Lothar Naumann | Institute of Radiation Phys ics | ww.hadr. de
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NING, Zhe (IHEP)

- Double layers RPC-Gd for y and neutron discrimination

(I The operation HV for two chambers is different ;

&) The differences can be 500 ~ 1000 V;

(@ Ifthere are only gamma rays, the amplitude of first RPC is the same with the
amplitude of second RPC;

(@) If there are thermal neutrons, the amplitude of first RPC is different from the
amplitude of second RPC.

Electrode First RPC Second RPC

>

. ACK electron

@ Gamma photo -Copper . L
® roray [y L]
£} IC electron -Graphlte

. Thermal neutron RPC ‘I:
] Negative Charge Edzoa

@ Positive Charge

readout pad Section

ASIC readout for the prototypes electronics 1 > Summary

4.7 mm

ASICs : HARDROC?2 g o | . 1.  Advantage of RPC-Gd
64 channels '

Trigger less mode 5 i
Memory depth : 127 events . The coat of Gd-oxide is eagy to be produced and cheap;

3 thresholds

Range: 10 fC-15 pC 8§
Gain correction => uniformity ; ) The production technology of RPC is mature;
Power-Pulsed (7.5 mW in case of ILC duty cycle)

Easy for n/y discrimination;

RPC can cover large surfaces;

RPC is cheap and can be used for mass production.

Tiny connectors were used to connect the PCB B 2. Applicatio "
two by two so the 24X2 ASIC are daisy-chained. pplication prospec

Neutron dose detection for evaluating neutrons around accelerator;
DAQ board (DIF) was developed to transmit fast . . o
iiands and Aot Eso ASIES, Imaging, such as container examination;

Synchronous radiation and space detectors.

Data and pictures are Copied from:Han ran,The Institute of Nuclear physics of Lyon, Villeurbanne,
69622, France;School of Nuclear Science and Engineering, North China Electric Power University, Beijing
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/HANG;Qingmin (Xi'an Jiaotong University)

Pevelopments of Oil-free Bakelite Resistive Plate Chambers

for Particle Physics Experiments:

» BESIII experiment
* Daya Bay experiment
 Digital Hadron Calorimeter

IMPORTANT CONCLISEIONS
#tlew smoother mold iraprovees the sorface
cuaa ity and reduces the noise rate sizraficantly
#Hecoromend to i at HY =62V, Th=11008C
(L0020
[. Efficiency =00%,
II. Mowse rate:~[] 3Hz/cmd i FPCs using old plates
~[ SHzlz i)
I0. Pad roamltiphicity 15 a funchion of surface
resstvty onreadout side.
IV, 2™batch ~1.5, 19 batch: ~17-2.1
& Do obviows areas of inefficienc

# EBulk Resistivityy 2=1011-
2x1018 0 -cm

# Surface Resistivity: 2= 08.
1=108 0f -

#Operational Conditions: Sk
H, 100mY Threshold, and
ArCaFaHa: CyH g = 500 42:2
#tean Efficiency: 95.4% for bare
RFC=, 96 3% for super layer=s
#tdean Noise Rate: 012Hz-cm
for bare chambers

#Total Area: ~1272 mfor bare
chambers

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014




AN, Liang (University of Science & Tech. of China)

RPC-2014 @Peking 22-02-2014

® Both 2 kind of low resistance RPC have been test at GIF

® Both bulk and surface of different kinds of
resistivity bakelite samples are investigated.
The resistivity of the samples are 10° ~10*2 e
Qrcm, thickness Imm~2mm.

Top metal

-

R > Conductive layer

E prketespecimen

> sl B
: ; T — lectrode
High-rate working condition imitation, (¢=80mm)
around charge flux, ~2C/cm?.

Aging study has been researched in 2 ways.

® Long time stability (~1year),
temperature 20°~25°, humidity
30%~50%

Hy=500v| more than 30 days|

Keep charging [I]

0000 ——
Bakelitg Sarrple

Bakelite Aging Study L Han Page-4

GIF Test Results

Ped Line:  Source On

--—Signals could been observed with MDT DAQ system, but the Black Line: - Source Off

signal size is reduced against the strength of the source

--——-Multiplicity is decreased obviously due to the smaller signal
size when the source is on.

—-—The dark current is at reasonable level. (~10pA)

-----Time Resolution can reach nano second level, can't get
precision results because of the DAQ, system limitation.

510
Cluster Sice

Chamber A

® Basic design is the same as the DHCAL glass RPC, with some modifications

Use extruded PVC frame, which defined the gap size (~1.2mm)
————— Added insulation for electrical contact with the embedded graphite layer
----- Added spacer between fishing lines to deal with board warpage

Fishing line

Gas flow
direction

Sleeve
around
fishing line

Additional
spacer

Gas inlet Gas outlet

RPC-2014 @Peking 22-02-2014 Low Resistivity RPC L Han Page-8

Effective low resistance RPC to work at high rate condition

Opxd®
yR==

New material { p =10'? -> 10° ()-cm): stable stored still, need more investigation
tor radiation tolerance.

Chamber C
= TOOV Without filtor
[ ——

0000 Wi  Fiters
— 080¥ Source OFF

Study on low res

100 150 200 250 300 350 400 450 500
ADG

RFC-2014 @Feking 22-02-2014

B.Satyanarayana, TIFR, Mumbai

— 7000V Without filter
—— 7000V With 1 Filter

To00¥ Wilh 2 Filters
— 7000V Saurce OFF

— eXp( AT X4 5.57) 4 T5E

ADC Mean Value

Chamber A

75
Rate{kHziem'2)

100 150 200 250 300 350 400 450 50
ADC

GIF Test Rezults L Han Page-13 RFPC-2014 @Feking 22-02-2014

High Energy Physics Seminar

New bakelite plate structure {carbon electrode embedded, d=2mm -> 0.1mmj):
work well as traditional RPC, more research is ongoing.

New sensitive readout electronic is under study for RPC working at high rate.

Conclusion L.Han Page-14

March 18, 2014
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HAN; Ran (North China Electric Power University)

Jiangmen Underground Neutrino

9 DYB Observatory
13

JUNO: Mass Hierarchy

2 /
A

v .
>_\m;

I

™

Normal Spectrum

r

A (]
=3

<two possibilities>

Inverted Spectrum

73

The Different Glasses

Float glass
(ASAHI glass)

BF33 glass

(SCHOTT BOROFLOAT 33
Borosilicate Glass)

Gorilla glass
(Corning)

Strength glass

Volume ~102Q.cm ~105Q.cm. ~10%Q.cm

resistivity

~1014Q.cm

Standard
sizes

1150x850 cm? 1244x1092

1244x1092

minimum 0.7mm* 0.5mm **

thickness

0.7mm

Special Robust, highly resistant | Robust
to water, strong acids,
alkalis as well as

organic substances,good /

Properites

surface quality

Robust

Float glass in Potassium nitrate solutio,V

In surface, Na+ replaced by K+
The thickness of replace surface
from 30 ym to 50 ym

*Usually we can get from the market

.Satyanarayana, TIFR, Mumbai

High Energy Physics Seminar

Top Tracker with RPC R&D

>Muon detection efficiency
cross check with WC
I>Glass/Bakelite RPC Some
R&D undergoing

»Cheap: Glass is cheaper than Bakelite

»Good performance, Uniform } Glass RPC is a better choice
»Low noiserate: Glass is very flat

»Robust: Strengthen glass

»Reduce humidity in Chamber: Gas tuber or Acid resistance glass

¢ The volume restivite
BF33 > Gorilla(strength) glass > ASAHI glass
+ Thevoltage to reach plateau
BF33@38200V,Gorilla(Strength)@ 7800V, ASAHI @7300V
+ The Price
BF33~Gorilla=>> Strength~ASAHI
+ The Properties
Robust: BF33~Gorilla~Strength > ASAHI
Resistantto acid: BF33

Strength glass and float glass as a choice bfor larger area RPC production,
Reduce humidity shouldbe in other way.b

Next:

» The 1m2chamber with float glass and strength glass is ongoing
» The Front-End Electric borad will be provide by USTC

» The Prototype will to DYB to do underground experiment

March 18, 2014




XIE, Bo (Tsinghua University)

Problems Development of one-dimension RPC

™ Environment:

1. moist
2. radiation background (K Z2Th 238)
_____— PET (190 im)

3. ..
5mm
e S Hotmelt (150 m)

= - Bakelite (2.0 mm)
< Gas gap (2.0 mm)
S i 1) | & Bakelite (2.0 mm)
g Hot-melt (150 pm)

L o PET (190 )

Fdge profile
A0 i 3y 12 Coin spacer

o
Q &4 e Bakelite sheet Cross section of
I\'-»N / (2mm thick) the edge profile
. S
7 Z 12
Ges nozzl ¥ - 1 £
5 Bago spacers S —
(2xmu thick)

Biswas,S. et al. Development of bakelite based Resistive Plate Chambers g Park et al. Production of gas gaps for the Forward RPCs of the CMS experiment
arXiv:0802.2766 [nucl-ex] Nucl. Instr. Methods A550(2005) 551-558
2l
The super module of VETO

Necklace spacer: 10mm PTFE tube + fishing line , dead area: <1%

Advantage of this type RPC

1. The glass 1s very flat and has weight. It 18 just put on the

spacer, no glue.

inlet outlet

2. The RPC is reinforced by two honeycombs, no distortion.

3. The spacer is $2mm PTFE tube. Its uniformity is excellent
and commercially available. Dead area 1s smaller than
cylindrical spacer.

4. There 1s no glue on spacer and will not cause extra noise.

5. This RPC 1s open and has to be put in aluminium gas tight

A new type of RP

The whole VETO consists of four layers of RPC (1.2m X1.2m), at least 3 box. This is propitious to gas diffusion. And RPC is isolated
RPCs have signals if a muon pass through. f r bv b o it will be aff. d

Compared with one dimensional RPC with same layers, it has higher rom environment by box so it will not be atfected.
efficiency.
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FONTE, Paulo (LIP)

ipment and first tests of microdot detector with resistive
des

1 Possible application: dual phase liquid dark matter detectors. From the ratio of primary/secondary lights one can conclude

about the nature of the interaction.
@ In order to lower the cost of the device: reduce the number of PMTs. Replacement of bottom PMTs by Csl
photocathode [1], but problem of photon feedback. _

@ Replace the meshe s with a microdot detector Goal of this work: to improve performances of microdot detectors.
where amplification region is geometrically Geometry: resistve spiral anode, readout strips below anodes. Signal
shielded from Csl [2] recorder by capacitive coupling.
Advantapes of s pesmeiry:
DDD:]D:I Microdot ® clectric field more azimuthally symmetric
Detector *  spark protection due to the high resistance values in the anodes
Twro parallel FropaniGna :___E;_I: WIMP [2] (GO
rmesh es Gas Xe . * . .
where the : decoupling of anodes from readout: possibility to do 2D readout
zgﬁmﬁgn ight ﬁ So far we built two differentversions, butresults only from thefist one.
is produced Inthe second version:
* samegap {200 pm}, anode width {100 um) and pitches {1 mm) as
Primary col . first version
scintillation light L photocath differentgeometry : anode and cathode all in the same plane
ode ® addition of aninternal electrode to better shape electric field on the
surface

® Slver electrodes, easy to built

Cross section, first version Cross section, second version

500 pm

100 pm A Cathode

——



DEVI, Moon Moon (TIFR)

Development of MRPC (6-gap) at TIFR. Characterization

The schematic diagram of the structure: Gas composition: R134a(91.06%), CaHia(4.94%), SFs(4%)

FONEYCGMB PICK UP PANEL WITH 3 cm WIDE COPPER mlPSl ; Efficiency
I CATHODE OF THICKNESS 2nmm | ;

§—SPACERS OF THICKNESS ~ 0.250mm |

]
[_ELECTRODES OF THICKNESS ~ 0.410mm

[] []
[

[ ] 1
L

1 1

I ANODE OF THICKNESS Zmim |

CONDUCTIVE GRAPHITE COAT INSULATING MYLAR SHEETS R

55 16 165 17 175 18
HV (kV)

':

Top and Bottom Electrodes are of thickness 2 mm. Inner
electrodes are ~ 0.410 mm thick. Spacer thickness ~ 0.250 mm.

10/ 27

HV: Reasonable noise rate and chamber current at 17.9 kV

Correcting the timing distributions for time walk Time resolution

e _corr

Entries 20457
Mean 410
RMS 2967
4/ mdf 4054 /18
Constant 8972935
Mean 397501
Sigma. 9.725 + 0067

6G3-6GS after correction
Entries 3555
Mean 24.15
RMS 3822
22/ ndf 72.08/18
Constant  829.6 £ 17.6
Mean 24.1£0.1
Sigma 3.375£0043

g

tde uncorrected
Entries 20457
Mean 4098
RMS 4217
52 i nef 1283737
Constant 2485240

g

Frequency

Mean 403702
Sigrna 3061+0.20

/ \
0 . ey .
250 300 350 400 450 S00 S50 600 650

Frequency
\I\‘I\Ill\l‘\l\ll\l

10 20 30 40 50
TDC count (LSB=25ps) tdc count (LSB=25ps)

=k

After applying this correction the timing of an MRPC at 17.9 kV
improves to 243 ps from 765 ps Time resolution 84.4ps at 17.9kV, electronic jitter (15-25)ps

24 /27 25 /27

Performance Study

Detectors
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Simulation of Eff

SALIM, Mohammed (AMU)

Gas parameters
MAGROLTZ Gas, P, T

Drift velocity increases linearly with electric field.

Townsend coefficient (which is the measure of ionization) also
increases with electric field.

1a
Xperime

Attachment coefficient decreases with the electric field which is very
high at low voltages for SFg based gas mixtures. These are avalanche
gas mixtures.

Attachment coefficient not varying much with electric field for Argon
based gas mixtures. These are streamer gas mixtures.

F

Gas, Energy,
Particle

s

mmed Salim M

Efficiency Timing

[ — # PY 0.6285+0005188 T ow 1.146 4 0.04158

g

=
Siope 04324 002213 Sope  DW|2LoOIN E 165£0.1762

s

3

3

= SF :0.1%
—e—5F, 1 02%
4 SF :03%
¥ SF, . 0.4%

o (1.280a - W), ) (n8)

Efficiency (%)
Efficiency (%)
&

. CGHFJCH JSF,:9521450.3

4 el

= Simulated
® Experimental

, I | T
T R ) [ T L ¥
EA £

8

caBusgsIsgs3

.
.

o

L. . A . , (a) Simulated time (a) Simulated time (b) Experimental time
86 88 90 92 94 96 98 100 102 X X 2.5 10.0 . . .
High Voltage (V) High Voltage (kV) resolution[3] resolution [1] resclution[2]

(a) Comparison of experimental[2] Correction of the operating point as function of SF6 is yet be applied.

and simulated efficiency. (b) Simulated efficiency.

[T ]
<
o
o
N
'S
©
oF
s
O
O
O
C
©

10p on RPC and Related Detectors eb mrmed Sa U] XKl p on RPC and Related Detectors February, 26 2
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B.Satyanarayana, TIFR, Mumbai

=

@ Introduction
= Detector R&D

@ Detector performance
= New deployments

= Applications

= Outlook
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CARDARELLI, Roberto

Electronic charge (©_) to ionic charge (Q, ) ratio
/Q ion= d/D
Qtot = + Qion

. Low saturated avalanche

* threshold = 0.1-Q,, (98% of efficiency) and V,,, at 5o over the front-
end noise

Noise of the frontend=Q,-0.1-0.2
For streamer N = 101°.0,1-0.2=2-10"<5-10% e rms
For high saturation N = 2 - 1032 -0.1-0.2 <2 - 10* & rms

For low saturation N =2 1013 -0.1-0.2<2-10° e rms

Qth streamer < 2.5 107 e ; Qth high saturation < 10° e ; Qth low saturation < 10% e’

S
Gap D
]
Qtot = Qion + /Qtot= | /(2 xS/g, + G)

B.Satyanarayana, TIFR, Mumbai

High Energy Physics Seminar

(INFN, Tor-Vergata)

Prompt signal and ionic signal

Duration about 2 ns

o
Tempolns]

ns

=]
=10
12
-14
e
b e e — ] ps
o 0 a0 0 C o
Temipol.is)

Q,,./Q, ratio for RPCs with different gap

[ lonic/Prompt Ratio vs lonic Charge |

2 f f

| L h ; 5

o 30 F [ : : —+2mm

et [ H H

o e :

o I : : =~ == Low saturation

o _- : ;

e F ;

2 R -

S 15[ 1 AR

- o e’ ! == == High saturation

_Oé":- -—:i——:;”:—--——————— ---- = = Streamer

0 5 10 15

NN N R S T ||w|
25 30 35
lonic Charge (pC)
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CARDARELLI, Roberto (INFN, Tor-Vergata)

The RPC performance is strictly connected to the gap thickness,
resistivity and surface of the electrode, pick-up design and front-

end electronics performance.
B JT performances d‘-ﬁ: BT Parameters for optimization of the RPC

. B:tc/tt Fermienergy

. f=1/T, * To optimize the RPC performance four elements are considered
« N=K*T, 1. The working mode: Q, (rate capability and aging)

T.= base life time acceleration HET SiGe . The pick-up geometry: d/D (maximize Q_/Q._,)

T, = base transient time - — The Front-End performance: A and Bandwidth

. . F,"\_ . . . . ape
T, (Si) >> T, (SiGe) , . The Gap: for the timing, T, {Time resolution and rate capability)

—® 1/0
Silicon amplifier

-Puw fram diamand deteciar with Siican Amgiifiar [2410m sourca| ] 88 Wih SHG —. (: K
: : ® Digital out
Analog out

_— FE chip in SiGe
o R Power: ImW /Ch
. |

Moise Iom Siicon Amgiier

@® Digital out
Analog out
® Serial out (10 Ghit/sec)
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ZHOU, Xin (Tsinghua University)

t-mode ASIC For MRPC-TOF Application

* CAD: A Fully Current-Mode Structure for MRPC (Multigap Resistive
Plate Chamber) Time of Flight Measurement N 2 Il ety St ol ettt el el el el ek e ol
* Features of MRPC detectors

— High detector efficiency
— Good time resolution

»

— Suitable for large-area TOF measurements for
particle identification

=> The Front-End Electronic must be high time resolution, high bandwidth, multi-
channel readout, ......

'

'

'

'

'

'
________________________________ lo_L-oa1-Lo-

]

'

'

'

'

'

'

Why current-mode structure? Bl
M1 LN M2 # Supplyvoltage decrease
. i » Open-loop current amplifier is easy to be
£ ﬂﬁ high bandwidth, thus less stability

problem

The problem is the time jitter analysis of current-mode discriminator
is not mature

CAD (Current-mode Amplifier and Discriminator) PCB
» 4-CH readout ASIC » 8-CH PCB test board

» Special BGA package » Single-endinput, LVDS output
» 3.3Vsupply voltage

» Single-endinput, single-end logical output

TR
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JOLY, BAPTISTE (CNRS/IN2P3)

FEERIC v2 board layout PUREL ||

W

FEERIC v1 ASIC overview

ALICE

" > d lifier (both polarities) o Inputarea(zone 1):
ransimpedance ampiliner (o olarities
b p p P »  For noise limitation: input of printed circuit tracks shielded by ground planes. No power plane.

= Zero-crossing discriminator for limited time walk and optimal time resolution > For minimal cross-talk: input tracks alternatedin 2 layersisolated by a ground plane

o One-shot (prevents retriggering during 100 ns}) - Separate analog and digital power planes

- LVDS outputs » better voltage regulation and lower noise required on the analogvs. digital area

Zone 1: inputs

]

ﬁ [Z]ﬁls E, "

L1VDS our. 5
‘ il L M I Zone 3: digital power plane
OUT DISCRI oUT LVDS
If
7 ” . . H Lo TR |
— Extended” FE Boards configuration m{tﬂﬁ % Readout Electronics Upgrade -
< e with |12C serial bus ALICE
QJ o Dead-time free readout up to 100 kHz in Pb-Pb {x100 abowve present design),
FS o Analog threshold voltage distribution presently in ALICE cavern ~300 MB/s
) - Digital control foreseen for the upgrade : more flexible and reliable o Replacement of the 234 LOCAL cards and of the 16 REGIONAL cards presently
q o Many commercial ICs {eg DACs) are programmable by 12C, a simple and robust serial bus installed
O cn »  Transfer LOCAL - REGIONAL via e-link {320 Mbit/s)
@] o Attempt to chain up to 26 FE boards (max. on one @Q’T ey »  Transfer REGIONAL - CRU (ALICE Common Readout Unit) via optical GBT link (3.2
QJ oy RPC side in cavern) on the same bus = ok Gbit/s)
'-d : »  Electrical limitation 12¢ NTTAT »  Data sent to O? computer farm, for online reduction and transmission to storage
buffer 5
cs O Bus line capacitance too high Cavern | Counting room
[l 1
L& — tNheees::r abidirectional 12C buffer for driving ~ ; i e E
bD o Seoander F L e ek || |esr! 2P o2
q) »  Addressing limitation 1 DACs FE | i - ‘__:_'CRUH;A—»GW TTS
Q—‘ MostICs have only 3 address bits => allow to ;:'r: RPC detecton = 5 ’
u chain 8 FE boards max S R E RN :
m Itis foreseen to test an expander with & = 4 Loc—trk | P& | Reg-trk !
diresibits 12C bus interface and board chaining x16 1 :
2 = Present LOCAL card
x16 !
1
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serties of the Dela
Muon Tomography(MT)

- » .
Y : ,
5
Y K .
- - h .
. . N .
: % v .
H . . .
: . . Ly
H .
H .
.

v 1

20mrad ~1.1°

10cm

water

i q
10mrad

Vv
2.3mrad

___—— Trigger Scintillator 1

_—— Trigger Scintillator 2

Cosmic-ray Trajecto
Example

Residual Method
AX=X5-(X4+X3)/2

RPC1 Signals for X1

2.54 mm pitch

1 RPC2 Si Is for X2
readout strips ignals for

—— RPCS3 Signals for X3

@ 0 O OD9Tap
a 0A0 e
1400 F 1o 2z
o Eriries 15264
1200 Mean 0.2111E-02
u R s 05812
ee indf 25.45 7 11
so0 B Canstani 1278,
F Maon 0.3003E-03
go0 | Sigma 0.3%330
a0
200 |
P P A B Ll e L
-5 -4 -3 -z -1 0 1 2 3 4

f=X,-(X,+X,)/2*"

1 1 3
o= O_jz + (E)ZO'; + (5)20';3 - E o

X

o, = \Eo' =0.81600.393mm = 0.339mm

FWHM _ =2350, = 0.753mm



YUE X1taoguang (Tsinghua University)

readout method for large-area position sensitive

smic muon detection
* The mathematical model

Multiplex board A

If nis an even, stripe n is

connected to Aa, where
n
a= > mod n,

Position sensitive
MRPC

Otherwise, n is an odd, stripe

n is connected to Bb, where [|SetB % P
n — 1 15 2
b — mod np Fig. An example of
2 fine-fine anode geometry
two adjacent stripes o . lookup table for 2 adjacent 3
(n,n+l) =  (Aq,Bb) 4 — pickup stripes. i .
(0,1) -  (A0,BO) E A0 Al A2 A3 A4
(1.2} -  (A1,B0) » '
(11,12) =  (A0,B1) . N
»
It can be mathematically
proved that mapping is o — e e e T — T
injective if and only if ’ : =~| Only 360 channels used to ; :
ged(ng, np) = 2 Fig. An example of process the 2688 signals. Fig. An example of
fine-fine geometry fine-fine geometry
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PAOLOZZI, Lorenzo (INFN)

Relative noise vs signal amplitude (3 mv RPC noise)

Relative noise

500 600
Amplitude (mV)

H8 Test Beam experimental setup

The RPC quadruplet has been tested at the H8 Muon Beam facility at CERN.

* Aim of this test was to evaluate the spatial measurement capability for perpendicular
tracks.

B RPC 1.8 mm thickness
phenolicelectrode

dll
4l

=== i j {Atlas standard)
1l

RPC detectors 1mm gap,
8mm strips pitch

(I T IITIETN]

L3
CAEN Digitizer mod. V1742
Scheme of the experimental setup Photo of the experimental setup

Q
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All the waveforms were recorded by means of a 5 Gs/s, 32 channel digitizer model V1742
Trigger was given by a scintillator coincidence. Trigger area wider than detector area.

B.Satyanarayana, TIFR, Mumbai

Simulation of response and optimization for space
resolution measurements of a RPC detector

We carried out a simulation by generating Monte Carlo events according to data taken in a
cosmic ray test (detector operated at 6.2 k¥ in Rome). Starting from the space charge
model we measured a value of the parameter & for the RPCswith 1.8 mm electrodes:

& = 4.0 mm

The hest resolution achievahle with this model when limited by FE electronics is shown at
different FE noise levels (of this FE) and with various strip pitch:

smumiee: E o s A ot I anci

N

g

A 3o strip pich
¥ 5 mm strip pitch
¥ & rorn strip pitch

H

R R R R R R R R

Space Resalution {micror)

g &

g

8 10
Amplifier Hoise {mY)

The actual noise of the amplifier was 3 mV RMS, that is ~2000 e RMS for our setup.

H8 Test Beam results
Residues distribution RPC_0-RPC_1

Enries 1554
Constant 20581
Mean -0.04173 + 0.00584

Sgm 01967400067 * Considering the resolution of the two
detectors to he the same, the net
resolution for the 1.8 mm electrodes
RPC with & mm pitch is

a, = (132 £ 5) ym

1 15 T
Residues {mm)

From the simulation we expected the best achievable resolution to be

Tsrperp = 110 pim

So it is possible to evaluate an upper limit for the intrinsic 1 mm gap RPC spatial
measurement capabhility:

O3, RPC intrinsic — ’95 — Osppcre- © 70 — 80 wm

eminar March 18, 2014
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PUGLIESE, Gabriella (INFN)C
RPC muon radiography

July 4, 2012: Boson Higgs discovery

ek | ressacns® asons . .
0 S e 1 2D chamber efficiency map 3D wheels efficiency view
- Q) ;
B — 6
T e 100
- a=HIGGS
A il
W\/\/‘\/‘\ ssuess
B =8 (qm
¥ S
5 80 60 40 20 0 20
4 cm
3%k | fom a3 CMS 2011 Preliminary Vs =7 TeV
oxt | @zz Vs=8TeViL=1960"
A nice CMS event with 4 muons 2 1 :
(RPC hits are in black) g E Muon Radiography: the chamber efficiency
w 4 A - 32 & .
E can be studied in details, with a resolution of
E = 1 em?. Spacers, border effects can be easily
3 spotted. For few chambers, the stability in
| Four-lepton mass spectrum: 3 | TN imz of in::lfﬁcient tfones i(s1 under observation. »
; - 600 800 No degradation observed up to now. .
< clcansignal peak at ~126 GeV m, [GeV] CMS 2011 Preliminary Vs =7 TeV
-— = \;\/ Ql‘l{lﬂg POlnt corre Ctl()n CMS RPC system was operating well during RUN1 (2010-12) delivering
LV good triggers and data for physics:
'-G CG Fine tuning of the WP correction procedure to follow the atmospheric pressure variations: » The contribution to the CMS downtime was about 1.5%.
g '-G Until August, 2012: WP corrected for pressure variations greater then = 4 mbar, corresponding to a > At the end Of RUNI1 the fraction of active channels was about 97.5%
variation of the WP of 40 V. . R ’ R
@ @] From August to November, 2012: WP automatically corrected every variation of 15 V. Most of inactive channels have been already recovered during LS1.
5 I From November, 2012: WP automatically corrected every variation of 3 V and optimization of the
formula using a factor correction (o = 0.8). . . . . . . .
e ¢ ! HY, -HV,|l1-a+at After 3 years of LHC running with increasing instantaneous luminosity and 6
Finally, a very ..very stable system.... app eff P, v . . .
)—1 years from the end of RPC construction, the detector performance is within
() o P i — cvsphreimney | CMS specifications and stable with no degradation observed:
~5 mbar onPvariation = ~40V difference B2t T T
m — . g A : 2011 .
O H L8 e » Average efficiency was found to be about 95%.
m A B | 2 a4 » Average cluster size was =~ 1.8 strips
H % 1.9 s s igg . . .
N L K |3 RLT R » Intrinsicnoise was = 0.1 Hz/cm?
O é ! ) . ' g i '.-5‘.\
P el R : ;
B R R sl | From the measured background: no significant issues were found for running
O Atmaospheric Pressure(mbar) Date S S g g 8 8 @ 5 § E g @ S t HL LHC
3 8 8 3 8 8 g 5 8 =2 s & 9 -
U N Barrel average cluster size in 2011- 2012 %% 89 &1 5 8§ &8 &8 8§ % 2 upto i
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RPC Radiation background at the CMS

CONSTANTINI, Silvia (Ghent University)

RPCs: Max rate is shown

Barrel: highest rate in RB4
{return neutron flux) and

RB1 (through calorimeter
barrel/endcap gap)

Rate (Hz/cn)

2010 data

s=8TeV

Barrel: rate as a function of R

CMS Preliminary
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Highe st rate in the external wheels W+2, W-2
Larger rate on W+2 (with respect to negative

side W-2) might be due to the presence of the

CMS main shaft on the negative side

RPCs: maxratesare shown
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KONECKI, Marcin (Universily of Warsaw)

Calorimeter Trigger Muon Tri
ECAL HCAL i
Trigger Trigger H‘:Jgge.:‘ .
Gnmitives Primitives Link Segment Segment s:; sgs cms:
system finder finder identity,
° a measure and
= Regional sort the
- Calorimeter Pattem Track Tka trigger
E‘ Trigger Comparator finder finder objects
=
g MIP+ A4 u 4 p D
Global i ) | [a
Calorimeter Global Muon Trigger L.al
Trigger
ely, J, Ej, Hy, E;miss ip Global
Global Trigger 1 Trigger
| apply cuts:
L1A (tngger{sﬂOOkHz ‘|' Status single or
[ TTC system ] TTS system multi-objects,
topological
{ 322 partitions ‘[ correl ati ons
[ Detectors Front-end }—-
M Eongcki "RPCtrigger for CRE" _7- RPC 2014

* The chamber signals (fired sirips) are
compared with the predefined set of patterns
every 25 ns (BX)

= Each pattern has assigned a fransverse momentum
(pr) and sign (depending on the track banding by
the magnetic filed).

CMS RPC tr

[COOCICJE
HER Detection
= of layers
LRy ¥
Y with
EE oK missing
hits
OR
= and
(=] OR quality
calculation
o s OR
A A A A I +
N N N N
D B D D quality
6 6 6 6
A pattern is a set of AND gates

connected to selected strips

CMS

* A candidate is produced even though not
all layers have hits. The minimum required
number of fired layersis 3 (out 0f 3, 4, 5
or 6 layers available — depending on a
detector region).

* Inthis way the trigger efficiency does not
suffer from the limited geometrical
acceptance and inefficiency of the
chambers.

* The number of fired planes defines the
candidate quality.
The quality is used for the candidates
gorting and “ghost busting” (cancellation
of duplicated candidates).

The patterns are generated based on the simulated muon
track. Advanced algonthms are used to create the pattems
from the simulated chamber hits, assign the pr, and then
select optimal set of patterns

The goal is to achieve best possible trig-
ger efficiency and purity with a patterns
set that can be fit into the PAC FPGAs.

M Eonecki "RPCirigger for CALS™

B.Satyanarayana, TIFR, Mumbai
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CMS Preliminary 2014, Data: 2012 C+D, fs = 8 TeV'

GB
PAC (trigger)
muon output
data output

data input

RPC 2014
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M Eomecki "RPCtriggey for CAIS™
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The ATLAS RPC System

3 concentric double RPC layers in the barrel region
at radius ~7m to ~10m, operating in a toroidal magnetic
field of approximately 0.5 T

Main detector features:

- 2mm gapsusing amixture of
CHF, : i-CHyp: SFp (94.7 :5.0: 0.3)%
operated in avalanche mode at 4.8 k¥/mm
with automatic T,p correction

- readout panels with strips 2.3-3.5 cm wide

About 3600 gasvolumesin total, covering an area
of 3650m2, with 370k readout channels

Both polar (n) and azimuthal {¢$) coordinate
ismeasured from each gap

Exclusive LYL1 muon trigger for the barrel region
and measurement of the track coordinate
in the non-bending plane

Background rates from 2012 data

Measured rate (Hz/cm?) at L=0.7*10%* cm2 s
extrapolated at L=1*103 cm2 51
including a 1.6 factor for the E, increase

ATLAS RPC BM extrapolated average rate density
RPC unit Id. along Z direction
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B.Satyanarayana, TIFR, Mumbai

ATLAS preliminary | Average
(Hafem?)

Ageing qualification was
done at 100 Hz/cm2 for 10
years of LHC running

A safety factor 5 was
Included wrt the expected
max rate of 20 Hz/cm?

At large |n| the rates are
above the expectations
and will exceed the

100 Hz/cm? in phase-2

(see G.Alelli presentation for
proposals for phase-2)

High Energy Physics Seminar

RPC performance during 2012

Data taking very stable:
- good data quality fraction: 99:2%
- fraction of active readout channels: ~97%
dead channels due to disabled trigger towers, gaps off or dead front-end channels

High-pt trigger coverage (2012 full luminosity)

HighPt Trigger Hit ¢

Spatial coincidence between n and ¢ RPC pivot strips generating a High Pt trigger
The empty regions are due to not instrumented areas needed for services, toroid
support feet and toroid coils

Conclusions

Results from Run-1

- Very stable and effective running for the ATLAS RPC system
Definitely Run-1 has been very successful (not only for the RPCs ...}
- Thanks to itsredundancy the detector/trigger hasreached its design performance
(though at a lower luminosity) de spite a few technical issues occurred
during Run-1
- The measured background rate is higher than predicted
Extrapolations to higher luminosity indicate that the maximum rate
considered in the ageing qualification tests could be reached at large
|n| already in phase-1

Preparation for Run-2

- In the current shutdown an intense consolidation work is ongoing
to preserve the detector performance

- New RPC chambersinstalled in LS1 will increase already in the next data
taking the coverage of the barrel trigger by 3.8%

March 18, 2014



PASTORI, Enrico (ATLAS)

5 gas system maintenance and improvement

ATLAS RPCs Gas System Overview Gas Leaks

In 2012 Run the RPCs had about 700 I/h of gas leak

Since we plan to triple the current gas flow (according to the project) we

did a test in Rack &5 following to this the losses increased only up 10001/h

In 2013 a big campaign of leak searching was done in the whole system

Gas mixture:

C,H,F,(94.7%) : i50-C H,o (5%) : SF¢ (0.3%) Only about half of the gas loss was associated with already known leaking
gap

Almost all the gap leaking was found with some broken gas inlet

Total Gas Volume: 13490.3 |
Number of Gas Volumes: 3592

Gas circulates in a closed loop distributed
by 5 gas racks in 5 height zones

Hidden Lecks Idenfified

T
a large portion of the losses
found are quite small
P SR

21 26 41 Leak Vh

Flow sensors Conclusions:

New sensors based on MEMS technology allow the widespread use evenin We understand the causes and identified precisely all the leaking gap.
large experiments at an affordable cost. ]
New repair methods have been developed to reach even the most

Several manufacturers provide flow sensors based on MEMS with different inaccessible places.

properties
One volume of gas exchange per hour (the project value] and the proper
gas distribution is sufficient to ensure a safe detector operation even for
the future LHC foresees luminosity.

we have chosen to test those best suited fo our system:

Capillary network of gas flow sensors will be implemented for early gas
leaks detection.

\ OMRON DEFP Honeywell AWMS000 \ Authots! Ervico Pastori INFN Rorma Tor Vergata

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



POLONI, Alessandro (INFN)

ATLAS RPC Monitoring

RPC Power and Control System

m Detector Supplies: LVFChat""eL‘: - Commercial Solution: CAEN EASY system
b - Front-en =
VoltagelC ] -
— Low Voltages (Front-End, FE-Thresholds, oltage/Currents T Chanmen tS':,cgcl’anlglre0 system with huge number of HV/LV channels
: : g eneEnd mceesms ] 7T

Trigger Electronics) T resholds  Voltage Central B 4 Mainframes (SY1527) + branch controller boards in :"”""‘"“L A A -

— High Voltage (to the gas gaps) " Elestronics = @ Gas counting room o E B
. B Boards can operate in radiation area and magnetic i

B Gas System: feld (up to 2HG) g
— Mixture, flux (infout-leaks), Relative-humidity, iy pmnele Gas  Grounded ® Dedicated modules: Power (A3486); High VOItaS%

other properties. HV strips  plates Foam glane {12 KV, A3512AP); Low Voltage (A3008, A30258)

; ; . - e f B ADC module (A3801) with mean and peak
B Environmental variables (on detector): et (~5408 channels.)
— Temperature, Atm. Pressure = : DAC 128-channel ADC (A3802) ~ 3100 channels
H Detector Output ¥ Pnlycarimnahe Graphite AGIDC converter
readaut  gpacer electrodes

C ratel Crate2

Mamfram e Branch n
Controllers

HVILY Boards
A Polini Counting Room Detector Cavern

tri
— Signals, Trigger Rates, Detector Currents, st

Low voltage consumptions
m Monitoring/Calibration

— Rates and currents, calibrated vs luminosity,
vs HVY and environmental parameters

— Studies performed Online/Offline

Detector

Peak sensitive ADC:
= Gap Currents
= FE LV Pull Down Currents

& Trigger
Data

(propottional to nois efrate)
- Environmental + Local Gas
measurement

A o 5 FEmZATRPT 2014 Warkshop, Bejing, China

RPC HV Working Point Correction

B Due to other detector and infrastructure L s Snapanctat atamparaia s 12625
constrains the temperature of ATLAS Cavern ||
was not uniform and above the expected 24 C
in some areas (top sectors)

B RPC stability and efficiency depend on T and P J

=> Local T/P correction to the HV applied to the detector

- Vappl\ed = chnng *p wherep=p; pep = Eﬂgmg;;-ak”‘“kf“‘_"‘f_“
= pr = T+ap[(Ty/T)-1) ‘
= Pp = 1+ap [(P/P)-1]

— RPC ~280 HV channels, ~ 350 T sensors
— HV settings checked every few minutes

B Run-1 Settings:

DCS and Monitoring Upgrade for Run-2 (i)

B CAEN Mainframe upgrade
SY-1527 = SY-4527
(New generation, higher speed due
to improved handling of write/read
commands, better long term
mantainability, and support)

. BM SectS Side A

bl H«m ® New DCS Computers:

from Windows SRV 2003
Linux SLC6 + VM (Win Srv 2008 R2)

Monitoring ar
of the ATLA

- chnﬁg 9600 (9500 V) Hv ;rnea;ion fractorrfr) for
- ? :gffocba' ~Diffgrent HiLShannale B SCADA Program: PVSS 3.8 = WinCCOA 3.11

B |nclusion of additional chambers in lower sectors 12-13-14
(elevator and feet region: improved trigger coverage: 80—>82%)

- o =08 a;=0.5

(* To limit chambers with T > 26°; ~ 59 of ch.)

B Enabled and automatic for all
of 2011 and 2012 -

T
A, Polini o)

Pressure {bar}
|

&, Polini 18 Feb 24MRPC 2014 Workshop, Beijing, China
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The Time-Of-Flight detector: system overview ALICE

= active area 141 m?
= radial distance 3.7 m

= pseudorapidity range |n| <0.9, full azimuthal
coverage 0 < < 2n

= modular structure with 18 sectorsin ¢
= weight ~ 26 tons

= gasmixture C,H,F,/SF; (93:7)

= granularity 2.5 % 3.5 cm?

= 152928 readout channels

= made of 1593 glass MRPCs

The MRPC was the only technology
able to satisfy the three major
requirements:

1. extremely high time resolution
2. good efficiency

3. cost effectiveness

Xl Workshop on Resistive Plate Chambersand Related Detectores, Tsinghua, Beijing (China)

D. De Gruttola 2328 February 2014

3/23

TOF detector description ALICE

= five modules are grouped in a line -
to form one 9.2 m long and 1.45 \
tons heavy TOF SuperModule (91
MRPC strips per SM).

b - 3 TOF TRD

".i'\:) ﬁ'\ﬁi . TPC [§ ‘

B\ “ ITS ok

= The TOF is fully installed since April 2008; it has participated with full efficiency and
acceptance coverage to all the ALICE data taking periods.

XN Workshop on Resistive Plate Chambersand Relates ectores, Tsinghua, Beijing (China

2328 Fehruag 2014

D. De Gruttola 6§23

TOF B

& Large lonCollder Esperiment

TOF PID performance

Eur. Phys. 1. Plus (2013) 128: 44 ALICE

W05

06 1 15 2 25 3 35 4 45 &
DT(Ge\Hc)

45
p(GeVic)

= Distribution of Bas measured by TOF = Present separation power of the TOF
detector as a function of momentum for kaon-pion and proton-kaon as a
for particles reaching the TOF in Pb-Pb function of p;. k/m separation up to
interactions. 2.5 GeV/c and pfk up to 4 GeV/fc.

Xl Workshop on Resistive Plate Chambersand Related Detectores, Tsinghua, Beijing {China)

D. De Gruttola 2328 February 2014

14/23

& Large lonCollider Experiment

Conclusions ALICE

= the MRPC based ALICE TOF system is a very large and very high performance
detector

= it has shown extremely high performance all over the first three years of data
taking at the LHC. In spite of its complexity it has shown stable currents and rates
behaved with no sign of ageing

= the TOF can provide 3o k/ separation up to 2.5 GeV/cand p/k separation up to 4
Gev/c with full azimuthal coverage in the ALICE central barrel

= the TOF PID performance is instrumental for several physics analysis
for all colliding systems and energies

= TOF reached (and even improved) the design goals

Rl Workshop on Resistive Plate Chambersand Related Detectores, Tsinghua, Beijing [China)

D. De Gruttola 23 28 February 2014
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FONTANA, Mattia (INFN, Torino)

Muon Trigger system % Muon Trigger system

i 12 e [ET] Setup
s 4 detection planes, arranged in two stations
(16 and 17 m from the interaction point) of two
! planes each Resistive Plate Chambers
. N ;
"L' ¢ 18 RPCs per plane (72 in total) ® Single 2 mm gap between low resistivity bakelite
¢ RPCs read on both sides, with orthogonal strips (8 plates (10° = 101°Q cm)
real readout planes) s Maxi-avalanche mode: gas mixture
e cach plane roughly 5.5 x 5.5m?, central hole of % 89.7% CzHa Fy
M1 MTI2 MT21 MT2

T N2 NTH T2 w 10%i — C4Hyg
« 0.5%EFg

Working HV: 10.2-10.4 kV

e 3 different shapes: area ranging from {72 x 223) cm?
to {75 x 202) cm?

s ADULT FEE allowing for two different operation
modes.

+ FEE threshold =7 mV {~2.5 Me)

1.2 x 1.2m? for beam pipe and shielding structures

s strips of three different pitches (1, 2, 4 cm) and
different lengths {projective geometry)

Main trigger functionalities

s Two different pr cuts can be programmed and
applied (e.g. 156V /cand 2GeV /c)

® Latency time ~ 800ns

® 0§ trigger signals sent to the ALICE Trigger Processor:
single muon, unlike- and like-sign dimuon, high and
low pr

ALICE muon RPC Run | parformance - Fabruary, 23°% 2014 M. Fontana ALICE muon RPC Run | performance

Baljing - February 2
Conclusions

ALICE muon trigger RPC performance during 3 years of operation at
the LHC, with integrated charge up to 7 Cﬂrfg (4 Cirfg on average):

+ RPC efficiency is measured by exploiting
the redundancy of the trigger algorithm
(3/4 condition)

¢ All RPC efficiencies over 95% with very

few exceptions

® Dark rate and dark current

+ Dark rate stable in time and <01 cim"g

+ Dark current overall stable; slight increase during data taking and marked
teduction after long HV-off periods with zas flowing

+ A few RPCs show a dark current increase, to be monitored

EMkncy W12 000 Be 10 PRNe

e ]

# Efficiency

+ Uniform and typically = 95 %

+ Stable in time throughout the whole running period

ALICE
P

Efficiency vs RPC ID:
non-bending plane J

ALICE
B

2 ® Cluster size

[P (s

+ ~ 1.4 with 2 cm strips
Etbkoy W12 anBe P e Efbiency 122 aonBePhne
P R v R

fufer

+ Stable in time and in line with specifications

Cutlook

® Move from maxi-avalanche to genuine avalanche operation in order to cope with Run [1]
running conditions

ALICE

Hwwince

ALICE

s

oss] [P

(s

Performance of t

— B. Joly's tall in the "RPC electronics" session (Wed. afternoon)

ALICE muon RFC Run | parformance g - Fabrua

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



IUPPA, Roberto (INFN, Tor-Vergata)

Top of tha Atmosphers

ARGO is an unconventional EAS-array exploiting
the [full coverage]approach at I AT TIETHIEEY
to detect small air showers at an energy threshold I }
of a few hundreds of GeV.

Central Carpet
1-technology Guard Ring:
experiment 130+23 Clusters

90 km Northward from Lhasa (Tibet) 1560+176 RECs
4300 m above the sea level eSO Sinps _
8"0ORed" Stips

s L
~ 600 g/cm“ I 10 Pads (6.5 % 62 cmi)
1CLUSTER = 12RPCs (6% 62tmY)  for each Pad

(5.7 % 7.6 2 for each RPC

Shower mode

F~ ARGO-YBJ ‘RPC technology

The Yangbajing Cosmic Ray Laboratory O

- AP N = o
O e Test telescope
DIGITAL

|arge area: Scaler mode

readout
5600+1100=6700 m? <23 part im?
92% active surface Primary energy

~GeV  0.6-100TeV 0.1-10 PeV

February 26th, 2014 R.luppa- RPC2014

Conclusions

The ARGO-YBJ experiment started collecting data in shower mode since
November 2007,
The analog signal readout is operated since December 2009,
Almost 5 107" events were recorded so far in digital mode.
The operating conditions of the RPC carpet are continuously monitored by
the DCS. The angular resolution and the efficiency keep being monitored
with a test telescope realized on purpose. Important numbers:

= Running time >90%

= Duty cycle »86% (dead time <4%)

= Intrisic trigger rate variations: 0.5%

= Time resolution 1.5-2.0 ns

= Efficiency always >96%
All that in Tibet, without permanent scientific staff in situ. The detector is
only minimally protected against environment abrupt changes cccurring at
Yanghajing.
Many scientific results were obtained in particle and CR physics, as well as
in TeV gamma-ray astronomy.

* Thanks to the analog readout exploited with full coverage and at high

o . » altitude, for the first time an air shower array succeeded in measuring
Digital readout saturation - analog readout the particle density at the shower core.

February 26th, 2014 R. luppa-RPC2014 February 2ath, 2014 R. luppa- RPC2014
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MICHELE, lacovacc (Argo)

‘ The analog ReadOut SystemThe basic ReadCut System (MINICRATE)
has i

2 identical sections; each one is

Stnp =SPACE PIXEL, 62 x 7 cm?, 124800 e
» = 3200 ch. on a large area suffering a independent and manages | Cluster:
Pad =TIME PIXEL, 62 x 56 cm?, 15600 big variations of the environmental @ 3 CHargeMeter (CHM) boards for the
\ processing of 8 BP channels:

BigPad =CHARGE readout PIXEL parameters (P and T) Shaping

s 'ghad = readout 2 »wide range: p 10 = 2* 10¢ particles/m? o "

123 x 139 cm?, 3120 (central carpet) => mV to many Volts e ampier
\ » signal timing - 12bit ADC (AD7472, 1.9 LSB DNL) by

. _ Analog Devices
The Local Trigger on each Cluster is ® | Control Module to manage the

eam g mode. HY. ‘ based on an high multiplicity (=73 part.) . e DAG Configuration and
CHM board Calibration:
- 12bit DAC (DACS02 with a 0.5 DNL)
-FPGA

Control Module

ture

Local bus

BF Signal

Local Trigger |
<

orefine ¥

M. lacovacci RPC2014, Beijing

The Calibration Procedure : Gain Absolute comparison Data-MC

Gain Calibration: from the amplitude to the number of particles on the BP

. ) AAmp(mV Angired—stri
G(mV/particle) = mp(mV’) X Nired-—siry
\ Al firedestrip  ANdetected—particle
Amplitude
(mvy » For each BPidirect comparison between Amplitude of the analog
" signal and number of fired strips (digital information). With the most
sensitive scale (at most = |50 particles on the BP)

“

i
-

Differential rate (Hz/bin)

- linear fit: Amplitude vs - Strip_multiplicity=1 10+_I— 0.02

Strip numb. in (8-15 1+
strip range) -
L

t

n_Fired_stri)
SR

A Strip_multiplicity=1

~
R

M| ! MR |
104 0
PMax

L J R SR NEE P PREES | ‘ ) } i Differential rate of the shower density at core, PMax, for
G: stat. error = 2% in 1 hour data n_Detected particle ) Lot events with core in a fiducial area ofthe carpet (2400 m*2)

N . . . . s o 10° d0° and 0<15° showing a very good matching between different
IRg from MC simulation & data the relation between strip Energy £, [Gav] scales The results from a Montecarlo simulation are shown

i P LR Horandel!, Astroparticla :
fired and particles can be obtained Bhyste 16 (2003) 159220 for comparison.

experimen
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M. lacovacci 9 S('_-} (2 3 /o)stat + (38 A))sys RPC2014, Beijing M. lacovacci RPC2014, Bejjing
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PAOLONI, Alessandro (INFN, LNF)

The OPERA magnetic spectrometer OPERA RPCs

Each spectrometer is compgsed by: ) Located in 2 cm gaps between iron slabs:

1 dipolar magnet (1.52 T) y e
22 RPC layers as inner tracker inside frag Track reconstruction inside magnet [ ;000 - 21 RPCs of size (2.9%1.1) m?

6 drift tubes Precision Tracker stations (PT) O o B R 'Sh?wer leakf'g‘? meas“remerft 1 spectrometer = 504 RPCs/XPCs
2 extanal XPC stations (RPCs with strips at +43°) *Trigger & Timing for the drift tubes
|

| |
Fioiile (""f"é!f T,‘,T;',,r,‘,\s Bt o fET «High resistivity bakelite electrodes (low rate
pHETH e I 3. T expected): p>5¥10!' 0 cm @20°C

‘ I e i s 1 *Special curved contour chambers

i i A o *Streamer mode operation (large signals)
*Read-out by means of ~8 m strips with 2.6
(3.5) cm pitch for bending (orthogonal) view

8 meters

e

“’.ﬂ‘.{m:‘l i & RPC sketch

ity

Charm bkg rejection in o CC events Total surface of the system ~ 3200 m? 8.75 meters

| ¢ Muenidenesfication (ith Ty 235% gtumber . digit:!l ElEC.ttli:ll;CfCChﬂﬂﬂﬁl . EZEOOE;]F =75.4/20/4/0.6 (5 refills/d
Ap/p <20% for p<30 GeV reamer operation wi r/CHF fisoC H /SF = .6 (5 refills/day,

iR open-flow system).
Chargemisldenificatien;<#4:3% See JINST4 (2009) P04018 for Front-End discriminators and DAQ.

Neutrino velocity measurement results (Bunched Beam 2012) OPERA RPC aging 2: drying of bakelite electrodes

The neutrino velocity was re-measured in 2012 with a dedicated run in Bunched Beam
mode (JHEPO1 (2013) 153). Single gas system for both spectrometer (bakelite) and VETO (glass) RPCs = dry
A new set-up, based on RPCs, was put into operation in parallel to OPERA DAQ to mixiure
acquire neutrino arrival times.

Clock Slave:

Custom VME board RPC row
for Ppn'S decoding CAEN VME TDC V767

Int clock 40 MHz — [ [

0.8 msec trig window Gasflow 1 2 3

Ef.’{.'c'iu 0.8nsLSB
Ppms: /s 5 kHz reference frequency (10 precision)

Synchronization NIM-ECL conv o
signal from LNGS Repeated NIM PpmS To TDC input

Rb atomic clock, \:

sent every ms.

o -
@ oa

Efficiency difference (%)
o
o

=
v
I
L
p)
O
o
7
<
a4
]
Ol
@)
b
=
E_"

—.—

Freeze Board (event Timestamp) TDC trigger

Majority Tngger:
4 ouf of 14 RPC layers
instrumented with
RPC1ayers OR " instr
(747 OPE boards) Timing Boards

—- e TO TDC input +

L L L L L 1 1
Positive Discniminators MNIM ECL conv 2006 2007 2008 2009 2010 20M 2012
Year

| L I L I | I
2006 2007 2008 2009 2010 2011 2012
Year

1-2% efficiency loss due to
bakelite drying
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KORNAKOV, Georgy (HADES RPC Group)

The inner Time of Flight Wall of the HADES spectrometer

HADES = High-acceptance dielectron spectrometer (GSI, Darmstadt, Germany)

Eur.Phys.J.A41:243-277,2009
: -

Pre- Shower

1[OM PIomI0]

6 equal sectors or sextants cover about 8 m2 at the inner part of the spectrometer.

The RPC detector is placed after the tracking system (MDC & magnet) and in front of
the Pre-shower detector. Particles path from target is about 2300 mm.
Georgy Kornakov, X1I workshop on Resistive Plate Chambers, Beijing, 2014 2

a
<

Calibration and synchronization methods and strategy

PID plot of Au+Au collisions @ 1.23 AGeV

Additional selection of track quality, event quality and trigger were used.

Entries 2.053948e+10
107

ith the

1S10NS W

0 1000 2000 3000 4000
Momentum x polarity (MeV/c)

The presence of kaons testifies a very good performance in high multiplicity environment
Georgy Kornakov, XII workshop on Resistive Plate Chambers, Beijing, 2014 15

Time of flight mea

coll

B.Satyanarayana, TIFR, Mumbai

High Energy Physics Seminar

Internal structure of the detector

Nucl.Instrum.Meth.A602.:687-690,2009.
Nucl.Instrum.Meth.A602:691-695,2009
doi:10.1016/j.nima.2010.08.033

IEEE Trans.Nucl.Sci. 57 (2010) 2848 - 2856
IEEE Trans.Nucl.Sci. 55 (2008) 59-66

+ 3 columns with 31 rows of cells.

= 2 partially overlapped layers.

= 1116 strip-like, 4-gap {0.27 mm), symmetric, timing RPCs (“cells”). Aluminium and Glass. Read out

at both sides: 2232 channels.

« Each cell is individually electrically shielded for robust multihit performance.

« Sizes: cell width ranges from 22 to 50 and the length ranges from 120 to 520 mm.

= Operation voltage: 5500V
= Gas mixture 90% C2H2F4 and 10% SF6
Georgy Kornakov, X1I workshop on Resistive Plate Chambers, Beijing, 2014

Summary

* The operation of the HADES RPC ToF Wall was stable during the beam
time. Operation was done with constant settings.

* The performance study shows an overall efficiency of 97% and mean
time resolution over 1116 cells of 69 ps sigma, and 76 ps for MIPS.

* High performance of the detector in high multiplicity envircnments:
occupancies up to 30%.

= Track resolution measured for electrons: 113 ps

*The measurad times were calibrated and synchronised in order to provide
the best identification capabilities for analysis. Only one set of parameters
is heeded for the whole beam time.

*An independent method for direct intrinsic efficiency estimation was
developed. Its main goal is to work with full particle reconstruction and

selection, and without external references. Results between both methods
are compatible.

Georgy Komakov, XII waorkshop on Resistive Plate Chambers, Beijing, 2014 25
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MACHADOQO, Jorge (University of Lisbon)

e of timing RPCs with relativistic protons from 200 to 800 MeV

\ /4 RPC planes, P,each built from two moduks with 15 Wenrude

B { readout strips in the midd ke (30 mm pitch).

POB(sbr I de eChT)
|
Opole magnet |
""" - -, - ——
D:ulm P, 4Gaps
Beam - -
A Sy, -

Cry ol Ball P,4Gaps

A deuterium beam in the enemy ramge from 200 to 800 MeV & wed to produwce quasimonoenemgetic nzutrons and potoms beams. "\\

The RFC prototype was built based on moduks. A moduke contains the glss
and Hv ekectrodes enclosed ina plstic gas tight box with feed- through for gas
and Hghvoltage.

2.85 mm soda-lime glass electmdes (*10% Qcm)and 300 pmgap width in
multigap [5] construction ope@ted in
90% C,H,F, 10% SF, witha flow of 15 cm¥/ min/ module

Meutroms continue in the forward direction, whilke the pmotons are bent wsing a strong magnetic fiel towards the pmotons detectors including b
the tRFC prototype . wwsaps
:

Flne 1, 2, 3, 4 8OO MeV protons 31 00uEap 00 May protors BOO MeW protoms
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The detection efficiancy & shown in figures 8] and b)as a function of X and v position and HY respectively. All four planes exhibits an homoge nous efficie noy withowt noticeable dependence with position. PBNes Pyand P, [with foureaps) and p,and P, [With tengaps) show similar bzhaviour
as a function of Hy mac hing efficiencies ¢ lose to 1above 2800vEap for the 10 gaps plnes, whilk the 4 gap planes reach this efficie noy for 3200 gap orabowe . Figum o) shows the timing msolution s a function of HY [Be kof paints below 200WEap is d ve 0 the low sEtstic avaibblk ). The
optimal timing msolution isamund 80 ps forallthe pEnes without dependence with Hyw forthe 108as penes and only eac hed at the macimum HY measumed for the foureaps pEmes. At ths kvel, the timing esolution stans tobe influenced by the electronic madout c hain resolution.
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Qutline

Setup. RPC prototype

« Motivation: a new neutron ToF detector NeuLAND (New Large Area
Neutron detector) for the R®B collaboration (Reactions with Relativistic
Radioactive Beams) at 65SI, Darmstadt, Germany.

* RPC performance. Simulation studies.

* RPC prototype and setup description at &SI where the beam was
provided in experiment S406.

- Analysis:
* Neutron selection
+* Timing resolution

= Conclusions

4 RPC planes, P, each built from two modules with 15 readout strips in the
middle (30 mm pitch). Half of the layers are built from modules with 2 gaps, while
the rest are built with B gaps, all in multigap construction [Mucl. Instr. Meth. A 374,132

(1996)] +HV _HY Y
madule
B | -
P;2+2 baps e
= : E
T ;
P,B+5 Gaps - 3
madule o
module
P,5+5 Gaps e e
module
+HV HV

—r
500 mm 500 mm

Gas mixture 90 % C.H,F, and 10 % SF, @ 15 em3/min/module at a pressure slightly
under atmospheric pressure to define correctly the gap width.

RPCZ2014 Workshop. 26-02-2014, Beijin A. Blanco 1

ANALISYS. nTOF -> o(Twc neutron)

RPC2014 Warkshop. 26-02-2014. Beijing A Blanco 7

Conclusions

The RPC response to heutrons can be evaluated by calculating the time
difference between planes.

o> Plane 1 and 2 Plane 3 and 4
o':224/ﬁ:159ps J:IBSF\E:IBIps
Events =2346 "V Events 6264
) B ‘
b =
~
Wi’k
+= 1)
= 10
5
5)
L]
0% g0 Ao B 000 2060 10° ,znnn ELTT ] mnn 2000
‘ TP, - TP> (ps) TP, - TP, (ps)
E(MeV) | o(TF, - TR )sqri(2) (ps) | o(TRy—TF,)/sqri(2) (ps)
300 150 143
Relatively independent 500 178 138
- of energy 800 176 148
- 1500 159 131

A study, based on simulations, has been done to optimize the design of a RPC
for the detection of fast neutrons showing that the RPC technology could be an
attractive option

Based on this study a RPC prototype has been built and exposed to neutrons of
various energies (300 MeV to 1500 MeV)

The time of flight of neutrons with energies between 300 and 1500 MeV has
been measured with a contribution of the RPC of around 140 ps independent of
the energy.

RPC2014 Workshop. 26-02-2014. Beijin

A. Blanco 20

RPC2014 Workshop. 26-02-2014. Beijing A, Blanco 25




SIMON; Christian (Heidelberg University)

RPC Prototypes made in Heidelberg The RPC Read-Out Chain

prototypes for different rate regions of the TOF wall differential analog signals on the read-out strips are merged by
fully differential multi-strip multi-gap RPCs subtraction, discriminated and converted to logical pulses (PADI chip)

fiming quantities encoded in logical pulses:
HV +/- 11 kV; 8 gaps single stack, width 220 um 94 giealp

leading edge (t, 1) trailing edge

. . - 1.1, (leading edge)
preamplifier cards (PADI) inside the gas volume,
directly connected to the read-out electrodes » . - - ToT (pulse wiclth)

HD-RPC-P2: 32 read-out electrodes, length 27 cm, digitization by time-to-digital converters (TDCs)
pitch 1 cm, surface 864 cm?, 0.7 mm low-resistive glass (10" Qem) ~ VFTX: FRGA-TDC, 10 ps single-board resolution

HD-RPC-P3: 56 read-out electrodes, length 53 cm, RPC chamber
pitch 9.4 mm, surface: 2800 cm?, 0.5 mm float glass (10" Qcm)

gas mixture: 85 % C,H,F,, 10 % SF and 5% C H,

22 &

teore = tTDC + Oglobal + Cevent(ToT, ToF, .. ‘)l

2014-02-26 RPC2014 Workshop B sijing - Christian Simon- Heidelberg University 2014-02-26 RPC2014 Workshop B ejing - Christian Simon- Heidelberg University 7

GSlI In-Beam Test Setup Fall 2012 HD-RPC-P2 Response in Beam

data acquisition in August, October and November 2012 cluster matching after strip-wise global and event-based corrections and

. lusteri both HD-RPC-P2 and the refi RPC:
full-counter response study of the HD-RPC-P2 against a reference RPC viustening onbo and e relerence

built by the NIPNE group from Bucharest, Romania (72 read-out - coincidence in both plastic counters

electrodes, surface 84 cm2, equipped with PADI outside the gas volume) ~ 1 (and only 1) dluster on the reference RPC

diamond beam particle counter as time reference upstream of the Pb - scan HD-RPC-P2 for matches (acceptance within a radius of 3 cm)

target (problem: VFTX FRPGA-TDC could not digest the MHz rates) system time resolution of 78 ps between HD-RPC-P2 and the reference

plastic counters (as in the lab tests) were used as backup; meaningful

results only for low particle fluxes between 40 Hz/cm2 — 60 Hz/cm? post-matching efficiency of 93.6 %, pre-matching efficiency (acceptance

radius disregarded) of 99 % (algorithms under development)

HD-RPC-P2 promising results for the -

2 PLA counters in-beam performance of the
Reference RPC prototype

N
&
©
U
o)
-
=
=
>
©
U
e
e
e
=
)
AN
S
O
al
o

Target

z

e vindine
-1000-750 503 256 0”450 56 750 1
corrected dt [ps]

2014-02-26 RPC2014 Workshop B dijing - Christian Simon- Heiddberg University 2014-02-26 RPC2014 Workshop B ejing - Christian Simon- Heiddberg University
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PARK, Sung Keun (KODEL)

1. Production of the gaps at KODEL
For RE4, the facilities used for the previous RE1~3 RPC productions reinforced. Gap assembly

Beyltinemiipible Multi-layered metric tables and shelves for the assembly and glue curing
PET-film coating tool

Gap-gluing tables and shelves

Glue curing time : 24 hours
Glue : DP460, 3M production

Tinseedoniling todl Selection of spacers : 2 mm +/- 20 pm

HV-test facility
Robot for leak and spacer tests

Use spacer jigs for the location of spacers ~ Accuracy of positions ~ 1 mm

Silk screen method for graphite
coating (100 ~ 200 k¥square)

Linseed-oil coating tool
Graphite layer by a silkscreen method

. v Linseed oil + heptane
=5 ! v Thickness ~ 10 ym

(Ratio : 40 % + 60 %)
Polymerization with air
Rate : 60 ~ 100 liter/h/gap
Period :96 hours
Humidity: ~ 35%

PET film coating using EVA hotmelt
v PET film:190 ym
v Hotmelt glue ~ 100 ym

RPC2014 : RPC2014

2. Cnteria of QC test for gaps Summary and Conclusion

1) Visual tests Summary of Production Yields
HPL (barcodes & visual conditions) Total numbers of HPL panels used (to be used) for RE4 RPCs ~ 1502 panels
Graphite (resistivity and visual inspections) Total number of QC-qualified gaps at KODEL = 614 gaps
PET coating (visual inspections) 269 gaps for RE4-3 RPCs + 345 gaps for RE4-2 RPCs
Bending of gap — Rate producing QC gaps using given HPL panels at KODEL = 614 x 2 /1502 = 0.818
Gas pipes and HV & GND cables Total number of gaps produced at KODEL = 678 gaps
— Rate producing QC gaps out of produced gaps at KODEL =614 / 678 = 0.906
Total number of QC-qualified gaps at assembly sites ~ 511 gaps
— Rate of QC-qualification for the delivered gaps at assembly sites=~ 511/ 678 = 0.832

secsTa

Gap barcode and ete...
Bejection rate: 7.8% at KODEL (mainly due to poor PET coating problem)

2) Leak & detached spacers GAP GLOBALRESULT

¥ Spacer test at AP = +20 hPa ===
IfA (A7) = 0.5 hPa — Pop spacers

P\ejection rates at KODEL

. Due to detached spacers ~ 14.5%

. Gas leak ~ 1%

Overall Rate of QC of Gap Production is Satisfactory!

)
s B
mu—i
o O
S8
S =
Q
c S
c S
5 U
)
nn D
m-l—'
< S
o P
=
< 5
S o
o—*-g
2~
E
55
D B
:‘;u—i
dp)]
S &
8. &0

0
c
Q
iz
—
Q
Q.
o
aa
gp
>
O
<)
—
i
Y
-
(S

RPC20714 RPC20714

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014




. Giulio (INFN, Tor-Vergata)

L) LHC perspectives for the ATLAS RPC system

The ATLAS RPC Muon System today RPC upgrade proposal

\ incredse the redundancy by adding the RPC inner layer

No RPCs in the inner

» OUTER LAYER for High pT
layer just MDTs

frigger
» One doublet chamber

» MIDDLE LAYER for Low pT
trigger

» Two doublet chambers

» INTOTAL 6 independent
layers measuring Eta and Phi

This idea was already considered in the original project of the barrel tigger
detector, but at that time the need for the 319 station was not stringent and it
was canceled when a substantial downgrade was required fo Atlas

r
8
<)
=3
N

o
>
=
S
]
=

¥10Z Ddy lier

MDT chambers

| /N Endcap

toroid + %layersinstead
of &

* 4 chambers
instead of 3

Conclusions

» The completion of the muon barrel trigger detector with a full set of
BI RPCs is required to ensure a good LVLO/LVL] performance
through the forthcoming upgrades

v10z/z0/€T
10Z Ddy lilBlY "O

» This hew
chambers will
inherit the R&D
effort being
performed for
the proposed BIS
RPCs for the
transition region.

¥

» Notwithstanding the fact
that in Run 2 the RPCs will
still be within the design
safety factor, there will

be the chance to
understand if there is any
critical area where the
redundancy given by the
Bl chambers should be
anticipated to Phasel

» The present RPC
chambers will also
benefit from a new -
RO electronics

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



SONG, Hongye (ATLAS

Mechanical Layout

®* ‘Yery Limited Space available:
~5cm requested

Eta view

® Integration with BIS7 MDT . I A_l: I
detector E =

* BIST1.7x1.3=22Im? ,

BIS8: 1.7 < 0.5 = 0.85m?

Detector layout Options:
- 3-layer detector operated with a 2/3 majority ideal configuration
- Possible local 5-10 ns coincidence= high refection of the noise

thin gas gaps (Imm} equipped with a new front end electronics
which will reduce the delivered charge and will improve the timing
at the same time
thinner electrode plates (about 1.2 mm}
much thinner supports of higher mechanical quality
Strip PHI: traditional (EME way}, meantimer with double Eta FE, EEI!EH=

7 .

BISB RPC
BIS8 MOT oF

BIS7 RPC bofeite
BIS7 MDT

absent..
Chamber building blocks are the $AME as the BOE/BME system an
production.

RPC-2014 @Feking 22-02-2014 H.Song Page-15

A new front-end electronice has been designed based on the conceptual scheme below:
Thig is explicitly designed to exploit the BJT transistor features for the fast pulses
generated by detectors such ag Diameonds and PPCs.This scheme hag been implemente
both with standard Silicon transistors and with the $iGGe technology, which offers a
better performance by more than an order of magnitude, in particular concerning the 5/
I and the switching speed of the order of 100 GHz.

®  ATLAS transition region (BIS7/8) RPC upgrade is a great opportunity to improve the
technology of PPC and auxiliary electronics. The project also could encourage people, who
are interested in hardware to partcipate in the PPC R&D.

*  5till have some tough technical challenges:

Araiag
© Sacilout (10 Gitkec)

ATLAS Transition

See presentation of The conceptual design of the propased * Integration in an already exicting gystem, exploiting the existing limited amount of
Poberto CARDARELLI 2 ch. FE chip, including both space
amplification and digitization
¥ I T 1 | * Simple design allowed by Mechanical matching with the N5 design and alignment
I 1 Rz A AL the SiGe switching speed
+ cz Ve Ampif . . . . .
m ) i >2adia . Guarantee full efficiency and long operation with a |0 time higher cavern background,
T * Canbe made compatible that is expected in Phase-2
(dp) R with NSW PAD P
Silicoan technology - 5iGe tachnology - e
Voltags apaly EEyT Vollage supply 23Vl e much| cmpl
Sensitivity 24 WVHC Sensitivity 2-6 mVAC e |;—f- MR e
Noise (independent from detecior) | <3000 ¢ RMS> Noiise (independent from detector) | 300 e RMS> = s
Inpat impedance 10050 Ohm Tnput impedance 50-2 m j ?’
B.W. 10-100 MHz BW. 30-100 MHz 1 1
Power consumption 10 mW/ch Power consumption 2 mWich 1 1
Risc time (1) input F00-600 p3 Rise time 8(7) input 100-300 ps : K H
Radiation hardness. 1 Mrad, 107 nem— Radiation hardness [4] S0Mrad. 107 nem N 1= .
l Iww—rw—~[- ¥ g

RPC-2014@Feking 22-02-2014 Transition Begion Upgrade H Bong Page-16 RPC-2014@Peking 22-02-2014 Conclusion

H.Song Page-19
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CIMMINO, Anna (Ghent University)

P .

T : g Gas Leak
ONESIen HV & LV Interventions UNYESIET Reparation Campaign

'0“5 % = % :

! . Gas Leak Campaign Results for Barrel

“e?:::\a\ea &ﬂﬁ \e"ea g&?f\? e 0;\?:00‘ ‘770‘“ L g Total 6441/h before interventions
Wheels = o &

* 3/5 Wheels are completed

£ e AR RRaR TR
~ a5k I scors imarvonions + 2/5 Wheels have not yet been
F [ Ater inerventions accessed
200k Il vor Ongoing * Wesucceeded in reducing the gas

leak of ~51%

¢ The Majority of the leaks are due to

150}
broken T-connectors

55% of the system accessed and reparations were completed. 1.11% of electronic

channels have been recovered. 1001

High Voltage 50

» The HV problems were mostly due to a broken tri-polar connector beyond the patch
panel. Problems fixed by connector replacement or gap disconnection.

= 0.24% of Electronic channels recovered.

* Low Voltage

+  0.87% of the total electronic channels recovered

3
Wheel

We thank our Atlas colleagues for their help in this matter!

A Cimmino - RPC 2014, Beifing

P .

Y Channel Connectivity &
i Functionality

X : Conclusions

¢ Long shutdowns are opportunities for detectors to perform commissioning and
upgrade operations.

¢ During L51, RPCs at CMS are performing HV, LV, and Gas system consolidation
and upgrade interventions. All RPC software is being upgraded and improved, in
line with CMS specifications.

¢ BeforeLS1
— the number of inactive channels were ~2%.
— The gas leak was 644l/h
* After the first commissioning interventions

— ~51% of the gas leak has been reduced

— 1.11% of all electronic channels have been recovered.

¢ The control over the Front End Board
thresholds is provided with use of the
Inter-Intergated Circuit (I?C) bus.

e T’C communication problem can require
partial or total chamber extraction.

¢ Channel connectivity and functionalities are controlled after all intervention that
require uncabling &recabling.

Rate per Swip (Hz)

e The 4" Endcap station is being built. The positive side chambers are already installed
and under test.

CMS RPC Commis
Detector During

S
A Cimmino ~ RPC2014, Beijing & Cimmino —RPC2014, Betjing
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COLAFRANCESCHI, Stefano (CMS)

Motivation THE CMS ENDCAP DISKS

The CMS Muon System relies on three different gas detectortechnologies:

; 0,
Drift Tubes (Barrel) CERN 50%

Cathode Strip Chambers (Endcap)

Resistive Plate Chambers (Barrel and Endcap) BARC (25%)

oy me me @r @r mp @r ee ar  ae  ar 4/2ring Ghent(25%) 4/2 ring
N AT T E| :
=) 1 |- n | During 2013-2014, the .
upgrade of RPC system
i / provided the 4t station

RE4 positive disk RE4 negative disk

= zm The detector assembly and qualification took place at three different assembly
The CMS endcap Muon system, before the upgrade was not redundant to sustain the trigger sites: Ghent University (Belgium), BARC Laboratories(India), CERN 904 (Switzerland)
rateat the post LS1-increased luminosity while preserving high trigger efficiency.

CHAMBER PERFORMANCE CHAMBER PERFORMANCE

‘ Typical HV SCAN with fit paramEterS ‘ Distribution of the expected working point extrapolated by the individual HV scan
chamber by chamber. Working peointis defined as HV(95%) + 150V.

=}
=]

. Emax ————T"7. : ooy OMS Preliminary 2014
- —A(HVer—HVsp . g | [ Data taken in cosmic stand
1 + e ( off '50 ) B : : ijE4 assembly sites
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The variation ofthe environmental pressure
Pin all sites are tgken into account by
rescaling the HV to the chosen reference
values (P, = 965 mbar)

Po T
|HVe(P,T) =HV - —2 . —
| eff( 3 ) P TO

RE4 87 Chambers
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TOMIDA, Natsuki (Kyoto University)

BGO-EGG experiment

LEPS2 building

Prototype RPC

glass
400 pm

Gap
260 pm

Honeycomb

\ Top view |

7°

_| | Solenoid
| {(LEPS2 spectrometer)

0. A PCB
Fishing lines (Readout strip)

Carbon tape
(Electrode) » 5 gaps x 2 stacks
imm | * Electrode: carbon tape
G10 (10~100MQ/sq)

board ; )
* Readout strip : PCB print
_0.5mm {Thanks to Prof. Wang)

> | Alflame

25cm ¢ Gas volume ~ Active area
‘Semi self-supported RPC l (Small dead space) .,

{Fhanksto-BrEnrique)

» Missing resonances search (decay to multi i, n (multi y))
* Mesic nuclei search (n’) s

Taiwan FEEs Summary

al Beam test results - - -
| | fsct)r'SP 2-5?“;”‘ 10|0C”‘(5000h) »| Large strip, high time resolution RPCsjare developed
ma Eff > 99% (0.5mm interval) for the BGO-EGG experiment at LEPS2
— # - 48ps (statisfiESior =2ps) 48p i * FEEs directly connected to readout strips are effective
-E P & e s AF = & to reduce the reflection due to impedance mismatch
45ps 48ps __ 50ps 53ps 22ps + Atechnique to!reduce the number of readout]
par electronics a orked effectively

Opsresolution ! with no big position dependence |

{Meet with the BGO-EGG requirement)
* However, the Taiwan
amplifier is unstable
and sometimes starts
oscillation

->|Achieved 0.,.=50ps with 250 cm?/ch strips & FEEs |

* We started production/installation of
the BGO-EGG RPCs with Taiwan FEEs

* We will also develop the LEPS2 spectrometer RPCs on
2015 (FEEs have not been determined)

* lam glad if | can get advises about FEEs for large strips
and about the treatment of the oscillation from experts

experimen

o Need treatments Use cathode strips as ground

to make ground

Surround by Al foil
stronger

Forward TOF-RPCs

Laser Electron Photon experiment at SPring-8



YANG, Rongxing (Univ. of Sci. & Tech. of China

E-TOF upgrade Project = E-TOF upgrade Project

H.ﬁ! Design for BESIII E-TOF — Structure of the MRPC

BESIII

» Each E-TOF ring: < T ‘ Double-end readout strip:

36 overlapping MRPCs(2 tiers) AN 77720 ‘ « Width: 2.5 cm

MRPC modules: Y Y - Length: 8.6-14.1 em

each with 12 double-end readout = — . 24 channels/module

strips, higher granularity _ — = 24 x 36 x 2= 1728 channels
Thickness of each box: <25 mm
(According to the space limitation)
FEE boards:

between nearby boxes

tot tiown - €liminate time jitter caused by hit position
typ - taann - Provide information of hit position

. Gasgap: 2x6
Gl o ) , \ /N - Gap size: 0.22 mm
MRPC intrinsic(including custom 7\ NG WE g R o . Resistive plate:

designed electronics). <65ps NS NN AN SRR g Y . floating glass
Non-intrinsic: ~50ps s DN KR L i A = ... Total thickness: ~20
> Total resolution <80ps RN ,,‘\\*S;‘__ i 7 L mm

-|1.4 GeVi/c for 2o pi/K separation! I\g N\~ g J— . Em W G

Feb.26,2014 RPC 2014, Beijing Feb.26,2014 RPC 2014, Beijing

E-TOF upgrade Project = Beam test
Custom designed Electronics =n Performance @ different HV

ﬁ _ BESIIL — —————
FEE board w» =) S o

Based on the NINO ASIC Crteney
Differential input

LVDS output -

TOT instead of charge

Time jitter: ~10 ps

Each board deals with one MRPC
Better connectors and cable

2012
Front-end Elec.

Far-end electronics =T :

+ Based on the HPTDC chips W -

* Leading-& Trailing-edge recording K ‘ M (IR B
+ 72 channels / VME 9U module i o 6.5 7 7.5

= Time jitter: <20 ps = High Voltage (kV)

The stable performance benefits from the long plateau of
MRPC.

Time Resolution (ps)
(2%) Aouaioiyg

The MRPC for the

E-TOF

Far-end Elec.

Feb.28,2014 EPC 2014, Beying Feb 26,2014 RPC 2014, Bejing
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DEPPNER, Ingo (CBEM-TOF Group)

B BR@EY Y Conceptual Design of the
cé‘ﬂ Wall Arrangement and Flux CBM ToF %Bﬁ Super Modules

small Super Module Module Properties small SM
—

URQMD simulated charged particle flux for mbias Au + Au events at 25 AGeV

3 p 3 #RPCs per module: 5 3
assuming an interaction rate of 10 MHz #strips: 160 168
KHz/cm? #channels: 320 336

PADI inside the box yes yes

Outer Wall total active area: 152 e¢m x 27 em (152 cm x 53 cm
overlap h:2emv:2em|h:2ecmv:3cm
box size 180 cm x 49 cmx1em | 7demx13 cm
tilting angle of the RPC: 8.7° 70°

RPC size RPC: 32cmx27cm | 52cm x83cm

_ big Super Module

Area with < 1 kHz/cm?

Inner Wall > 6 kHz/cm?

PADI board
Central Zone > 30 kHz/cm? cards

MRPC

Crate with
TDCs

X (cm)

Gas box

EPC 2014 Workshop

RPC 2014 Workshop Ingo Deppner

23-28Feb. 2014

Ingo Deppner
23 - 28 Feb. 2014

:: Electronic Readout Chain ” 8- Summary / Next steps

CBM

Summary

» A movable ToF-wall requires a very flexible design.

#» The design of the differential MRPC for the outer wall is driven by the free-
streaming readout = impedance matching is realized.

» For the inner wall two different concepts are available.

# All available types of RPC detectors fulfill the CBM ToF requirements in a spot
response.

¥ Since the gas exchange in the gas gaps of the counters is dominated by

diffusion, the performance of all RPC types has to be tested under full load

conditions only available with heavy ion beams (@ GSI).

Next steps

» Building a complete super module for outer wall incl. electronics till fall this year.

SYSCORE V3

# Load test for all available full size prototypes in April 2014 with heavy ions at GSI.
» Selection of the different layouts and counter configurations this year based on
system aspects.

RPC 2014 Workshop £ %I@ g;go zlge;p;e;om
9 p: - el
¥

RPC 2014 Workshop

The CBM time of

4 Ingo Deppner
23-28Feb. 2014

Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



LOPES, Luis (LIP)

MARTA STATION RPC MODULE

Muon Auger RPC Tank Array

\- Water tank

* Precast structure
« Support the tank
« Filter part of the
electromagnetic
component of the shower
« Protect the RPCs from
natural environment

* RPC modules 100 % R-134a, small commercial bottles

24/02/2014 Luis Lopes 24/02/2014 Luis Lopes

Analysis — Time Resolution Sil ,i,ll CONCLUSIONS Sil .i.ll
RPC-telescope Telescope « After 3 months operating at 1 cc/min none undesirable effects were

Tauger - (T up+Tdown)2 (Tup-Tdown)2 observed in the chamber performance, when compared with larger gas

Sigma=301 ps Sigma=101 ps flow rates

Events=1953 g r Events=1955 R .
-Charge, streamer fraction and eITICIency “only"’ depends on E/N

@

(reduced electric field).

+ Time resolution below 300 ps .

BEvents/Slps
@

« Efficiency levels uniform over all detector area.

{ | » More than 10 RPC units already construct and in operation in 4 (2

i

m
0 a 1000 2000 —ﬁUU -1000 0 1000 R
Time difference (ps) Time difference (ps) operatlon...

2 2 » Once the practical quantities are well correlated with E/N, we can
G pger = V3017 —101* =283ps

control them monitoring environment and adjusting the High Voltage,

continents) different places. Proving the robustness and easy

QL
—
—
4
ol
Q
e
-
—
o
4
N
—
Q
O
&
(qv)
<
O
Q
-+
e
-
Q
=
-
0]

Some dependencies {longitudinal pesition p, ex} remain uncerrected keep the efficiency at stable values over time.

24/02/2014 Luis Lopes 24/02/2014 Luis Lopes

Res
Auger array upgrade

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



KORNAKOYV, Georgy ((Darmstadt Tech. Univ)

d detector for the regular study of cosmic rays

TRAGAL DARBAS

Tragaldabas (TRAsGo for the Analysis of the nuclear matter Decay, the
Atmmosphere, the earth B-Field And the Solar activity) is a cosmic ray detector,
bhased on the RPC technology offering both high granularity and high time
'“ resolution together with tracking capability. It is based on the Trasgo initiative [D. :Fms‘f::&;iona?ﬂm:amm
Belver et al. MIMABE1 (2012) 5163] that was proposed as an affordable alternative
in comparisan with other existing techniques.
The Tragaldabas is taking test data with 2 FPC planes, since Sept. 2013 in the
Univ. of Santiago de Compostela) at a rate of about 7 millions of registered events
per day. The present main performances (2 plates, at~1.2m), are:

- Granularity: 120 pads { plane; pad size: 130 cm?
Loeat: Sarkegsth Corpocnt (572 - Acceptance: ~ 5 srad
i 2 e P e - Angular resolution: 2°- 3°
. - Time reselution: ~300ps

 Danratact (mnyl | Cracow (Poland)
T n

FRANCE |

The RPC cells

— RAG lyon Walth e o) s Planned _
Treurd Al ] T D038 layout -~
f— T m . Faa(dane=0.3) a7 42,0 0,008 <
o 0oz 14 0,002
"'_'f Ll PCB (FRd) A7 18 1,008
— Wtacnian 1 08 0002 “Gom
. * ) 19 32 0,058 .
. . e 1 255 104
— e B 32 0,058
| Ri%da 1 265 0004
e e L f s 18 32 1,088
[ o s 000z ~ 80 cm
/ Cavarged e A 1 1) 0,034 il
Total 3 .27

The detector iz composed by two RPC active planes of 1.2x1.5 m? size. Each plans is made by 3 slides of 2mm-glass with a 1mm gaps in between,
placed inside a gas tight metacrilate box, A small flux of freon R134a is kept flowing to compensate the gas losses, The external side of the external
glass plates is coverad by a conductive coating where a +/- 56004 high voltage is applied. The read-outis done by Cu pads placed out of the metacrilate
box, separated by straight guard-electrodes &mm wide to prevent the crosstalk, that is almost negligible,

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



IUPPA; Roberto (INFN, Tor-Vergata)

Cosmic RAy Calorimeter: CRAC

PCS IN COSMIC RAY ARGO—YELJ—erchambers/
JR THE NEXT " cking ohower font

reconstruction)
+ analog readout for
caorimetry

>

J

20 Xo - soil/concrete

CRAC TOWER @11cmr )

GREX/C OVER-PLASTEX EXPERIMENT

An EAS array, at Fly's Eye, University of Utah fearly 1920s). The COVER extension
(20 r® of RPCs) was deploved to measure the time-structure of the EAS.

ARGO-YBJ EXPERIMENT

See lacovacci's presentation, Mastroianni’s poster and mmy previous presentation.
See also ahead.

QOne-technology experiment. Ultinate proof of robustness of RPCs.

5 X - soil/concrete

NEW RPCs
for

calorimetr
[analog readout only,
timing capahility

rraintsined)
February 2 7th, 2014

5 Xo - soll/concrete

R&D AUGER-oriented 5 Xo - solliconcrete

Study of standalone RPC detectors for cosmic ray experiments In outdoor
environment (L. Lopes, P. Fonte and M. Pimenta, RPC 2012)

See also the upgrade in the presentation of Lopes.

Really important: itwould disclose the field of sampling was array to RPCsl

5 X - soll/concrete

Counting particles The Lhaaso project

CRAC is thought to work at high altitude and a natural frammework for it is the LHAASO observatory,
a Chinese-driven 1 krr? project to be builtin the Yunnan province (4400 m. a.s.l.).

= ED: 3137, tmime2em
15m ‘spacing

[ ] : §61, Gre v 2em

EEE

opiaen

electromagnetic
hadronic
muonic

Large High Altitude Air Shower Observatory
Yangbaing, 4300m 8.1, 6¥g/cn’

With LHAASO detectors
around it, CRAC would
benefit of extra experimental
¢ N inforration to be used for
calibration, multi-channel air
shower physics and so on.

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



Study of various properties of glass and

bakelite electrodes for RPC

NATMUDDIN, Md (Delht University)

CNa Mg
Formula
according to AlesSizCay
percentage of
Element

[ votal | w0 | 99.99 |  wo |

I

iE3 iq)
Voltage 4}




KUMAR; Ashok (Delhi University)

7= N
Bulk and Surface Resistivity measurement AFM ,SEM, XRD of Bakelite

ion,

t

circuit for Bakelite

Epoxy plate i Copper tape
for H.V. With and Without Slllwn coating
Bakelie Sheet

% | R, =(HV-AV)R/AV |
plas =

I_«._

ing gas composi

0 25 30 55 40 45 50 55
Diffraction Angle 20

\E

Monday, Fetruary 24, 14 Monday, Fetruary 24, 14

V-1 Curve for Bakelite Summary

= The R&D effort for the bakelite RPC is presented keeping in view
their use in upcoming India based Neutrino observatory (INO).

=2 We need ~ 30k RPCs so the need is essentially to have low cost
and readily available solutions.

=2 Since Hylum and Formica are available locally, their studies have

Current (nA)
£ 8¢ 8§ FEEE

been performed so far.

=2 Next step is to get better variety of electrodes and perform studies.

- B

2000 ?
Voltage(v)
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Q
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temperature and humidity

Performance with vary
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IKALMANI,; Suresh (TIFR)

Line diagram of the close loop gas recirculation and purification system

E— Variation of Lab air pressure
ﬂ Displacers PT2
U i)
i E ‘i 1.006 h u
Dznf'ug‘am 2 ¢ Lab pressure M
viinders s 5
z i) ?E_p - (PT6) varies o5
PT1 - + )-’g 5 over aday. ’ i
\L Exhaust Gas purifiers g Avetra.ge . vons l L |
Receiver 4 \Sfarl_eﬁcfn is2to v , \l \ }
. MFC5 X —
tankinlet Hygrometer Mr:)l(”:-“‘la':-' 1.0045 {— !

Feeder valve

Non-return valve

N, input

Vacuum
Pump

pressure

1.004

appearsat
10amand

10pm 1.0035
Minimum W
pressure 1003 T
appearsat4am
and4 pm.

| | | |
Mass flow controllers
MFC1,2,3,4

Exhaust

Tank Qutlet

+Gas Mixing (On-line)
*Gas Recirculation

. Low pressure regulator * Gas Purification system
+Control System (PLC)

B VIFCE 1.0025

mmmmmmmmmmmmmmmmmmmm

Introducing an external sensor :PT1 follows PT6

Conclusions

* PT1issystem pressure
* PT6is Lab pressure also taken as SP2 DIFF

* Closed loop gas system for 12 RPCs was built

PT1PT6

* Long term study of the same was carried out

tﬂ\h l,ifﬁﬁp tﬁ ] 1 * Ambient pressure problem encountered and
o 102 R : ‘ ‘ ] solution was implemented
; W f iﬁ"‘} . ':Jm . yﬁ g’:, m‘l H"}}k . . P
E ’ | | LE] | ) pAL * Fine tuning of the system needed:

— Wait and test for one more monsoon

— Detailed gas analysis

» System design for engineering module is in
progress

P = = S = T B S S R s B = B R Y B = - =R I S R S R =
[ S S S S B e Sl e S S Sl sl B
4 @ = === 2T TTETEET S TETETEIELGoaow 2

Effect of ambient p

closed loop gas s

A A A A M AA A A

March 18, 2014
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O Introduct1on 22\
= Detector R@

9 -
B L@"Detector perfarmance
y (gt L Ed New deploymentsﬂ
7 § N2\ | o=
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=

()uﬂOOk ¢;~f@;f
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.EPOND, Jose (ANL)

Measurements with muons

48500 beestsnegerrvatas tntn gobues et onia it

CALICE prelimnary
Tracks DHCAL — 11,7201

Track segments

The DHCAL

Efficiency X1

Muons

Produced with 32 GeVfc beam and 3m Fe-block

Description Used to measure the performance of individual RPCs

Efficiency &
Average pad multiplicity p
—: Calibration factors ¢ = g

54 active layers
Resistive Plate Chambers with 1x 1 cm? pads
— ~500,000 readout channels

Main stack and tail catcher (TCMT) Used to tune the MC simulation of the RPC response

ibration factors

Electronic readout

’ SAERELR
T S 1 — bit (digital)
7 Wl“ time in calorimetry Digitization embedded into calorimeter
| w\

(I
."\”l‘!llf‘l.i‘g-‘:‘;‘u‘ i ~

il

NS

Tests at FNAL
with Iron absorber in 2010 - 2011

Qi Tests at CERN
with Tungsten absorber 2012

1. Repond - Imaging Calorimeters

S

Measurements with Pions and Fe-absorber Further R&D: 1-glass RPCs

Response 22Indf  18467.54 /11
a 1602+ 0.02 Offers many advantages
(Density-weighted) calibration improves results m 096+ 0.00
Close to linear up to 60 GeV é ’ ‘ Pad multiplicity close to one
Fit to power law aE™, where m is measure of saturation ‘5"75 — easier to calibrate
i Better position resolution
Osopf  ncdlibrateddata —s if smaller pads are desired
‘Emo Thinner
éa — saves on cost
= Higher rate capability
uncalitrated data CALICE Preliminary — roughly a factor of 2
Fe-DHCAL
ST Status
CALICE Preliminary Energy (GeV) Efficiency Pad multiplicity
Fe-DHCAL Built several large chambers
Resolution Tests with cosmic rays very successful

— chambers ran for months without problems
Both efficiency and pad multiplicity look good

Calibration improves resolution somewhat
Saturation (=multiple hits/pad) degrades resolution > 30 GeV 30 —20 30 40
Eﬁg,g,-‘éeﬂv} B Stochastic term of 64%/\‘E {adequate for hadron calorimetry)

1 Repand - DHEAL

B.Satyanarayana, TIFR, Mumbai High Energy Physics Seminar March 18, 2014



GRENIER, Gerald

e ——

Chamber cross-section view
*1 m2 GRPC |

» Saturated avalanche mode : spatial charge distribution on glass anode ~ 1 mm’®

* Read by pad 1 cm? copper pads: max particle density in shower ~ 100/cm?® : 3

readout thresholds.

s Embedded readout electronics

Readout pads

Mylar layer (50u) (1lc
\

PCB Interconnect
[ Readout ASIC
| (Hardroc2, 1.6mm)

|
PCB (l‘2r“pm)+ASIC5(l‘7 mmj

.-_._._._._._-_._._._._._._._A_._._._._._._._._._._._._
@& - &

Cathode glass (1.1mm)
+ resistive coating

Mylar (175p) .
Ceramic ball spacer (1.2mm)

Anode glass (0.7mm)

1.2mm)
+ resistive coating

Glass fiber frame (=
Total thickness: 6.0mm

February 23-28, 2014 RPC 2014

Power pulsing

= ILD: stable temperature without cooling inside detector = < 10 uW/channel l

[N

HARDROC? use

\ 337ns
3 200ms N

v »

ILC delivers '~
collisions only ™\
0.5% of time

1.5 mW per pad *0.5%=7.5uW/channel

TTL controllable ASIC
switch off (I<4uA)
and on (I~28 mA).

N\
N\

\,
-

%2820 paquets (0.95 ms)

Power-Pulsing mode was tested in a magnetic field of 3 Tesla

098 .
The Power-Pulsing mode
was applied on a GRPC in 0%~ % ]
a 3 Tesla field at H2-CERN gou»
< (2 ms every 10 ms)
No effect on the detector
_ performance

E——

“_;;+
+

RPC 2014 L L L
7 72 74 16 18
— - GRPC Polarisation Voltage (kV)

5~ Power Pulsing !

|

=~ A hadronic calorime
sensitive medium

.Satyanarayana, TIFR, Mumbai

High Energy Physics Seminar

(IPN Lyon)

Readout electronic
» ASICs=HARDROC?2 (http://omega.in2p3. fr)‘

'« Each ASIC reads 64 copper pads,
- Amplification, shaping

~ 3-level discriminator (dynamique
range 10 fC to 30 pC)

- triggerless : store up to 127 first
threshold crossing (pad ID and time
(200 ns clock))

= ASICs are daisy-chained

— data readout

- configuration

s thresholds values

¢ amplification gain per pad
(response uniformity)

® etc..

February 23-28, 2014 RPC 2014

Detector improvement : to achieve same performances with very large GRPCs

| Prototype circulatior

Mechanical structure : to be built with EBW techniques and to host few large detectors GRPCs

March 18, 2014



The muography in a nutshell ...

65.8 days of data taking, 0.16 m*x0.5 m
J& Transmission coefficient

g |1

\ o
10 mrad /’J ; \

R=lcm

d=1m d=1km

(efficiency notcorrected)

Muons crossing the volcano is a powerful tool to explore its structure density. A resolution of 10-
20 m is needed to achieve a relevant study from the geological point of view. o 10 3 0 3 10

"% tdoat
Opacity coefficient : “Density-like”

20 = E: TOMUVOL
00 preliminary
Density Imaging of Volcanoes :
i fotey L. -

With Atmospheric. Muons | e EL T e

Computation for a uniform target with p=1.66g/cm® and 1 m? ideal detector al contrast in the summit area. At the base, background mimic

/0\ 2011-2012 Campaigns Conclusion
S " /A

£
g RPC detectors equipped with electronics readout are very powerful tool providing
structural information from remote location (km). 10 mrad resolution seems achievable,
with few percent contrast.
1 .
TouuvoL - I Spare SDHCAL detectors allowed to define a good muon telescope.
reimina =
’ e ai*-'l- -~ % '
Linear opacity to atrr!osphericmuons o ) ) Densityéontrast ) A
65.8days of datataking, 0.16 M X 0.5m 14 days of data taking, 0.66 m?x 1 m The data acquired in 2011 / beginning 2012 fully demonstrate the potential of
oo N the method.
- \ ] The TOMUVOL detector was completed in 2013. Excellent quality tracks were
e L R A -~ W_;“L& ] T S collected in a short period of time. New data taking campaign will start soon
e e and new techniques to probe the volcanoes structure will be developed.
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¢ Muon tomography is a potential technology
growing up in recent years which can use
cosmic ray as particle resource. And another
advantage of this imaging is that the detected

objects will nearly not get influenced.

& The key technique to this application is to
develop detectors with sub-millimeter position
resolution and large active area. Some other
methods have been tried to achieve it, such as
GEM and drift chamber.

I

ay )
T I 7 I 1

1 Active area

‘
(i
[, 5 |

[

X-ray test

0.126mm

Position resolution:
40kV:120um
50kV:147up

[ suips | [ stip7 ]

f — Ilt}’ilaﬁ"l +IPMT2

ref 4

+ IrPM‘TZ’;

L+ L+L A+
4

2 7 _
Currc :m =65+5ps




Clustering algorithms

) * Discriminator value is used as binary classifier, based on a pre-defined
* Muons undergo multiple coulomb

scattering within the detector volume. DETECTOR LAYERS | 2 threshold.
« The angular distribution can be assumed l = ] * Evaluate classifier by comparing true positive and false positive rate on 100
L = ] sets of 1 minute simulated cosmics.

to be Gaussian, with o2, depending on the |
radiation length X, (and ultimately on pZ?2). = Assuming perfect momentum information, 1 minute of data is enough to

« Muon tracks scattering within the target reliably identify the block of U in most scenarios.
volume provide information of its content.

Iy
-

T ) g
+ High sensitivity to high-Z, high-density 3 — With U % o
materials. o —No U 5ol
2 |4:— 5 o7
: [ 15Mel”) T ! — 4 3 E o
Go /2| v ' — N s
pcﬂ XD I H \"{S“’ ] sf— 04
A4.716.4 DETECTOR LAYERS! % of il —
; ! 4= 0z
i [em] I AB g w30 seC data
Z(Z +1In(287/Z - o
p ( ) ( ) : 3;_'_'_‘_1{1]_ 105 il 16 ] [EY] : - ! L 1
' - B Discriminator 0z 04 1] 0s 1
False Positive Rate
* Simple proof of principle: 25002014 Cargo container with stone 2
= Plotvertices with scatter angle above 0.03 rad AWE is building a large size test setup in their facilities.

~ Nomomentum information Large unit {1800 mm x 1800 mm) consisting of 6 RPC, in two orthogonal

*  Plot from prototype data: Hira g
— Metal cubes 5cmx5cm x5 cm

Modular construction to be used as a “detection tile”.

— Aluminium, iron, tungsten

* Clear separation between high and low Z materials.

£
gqsu 50
>
g 40
€ 400
2
a0 %
300 20
1
. 0
28/02/2014 250 30 350 ¢
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CF Sldong (Peking University)

nall Muon Tomography Station System based on RPCs

2. Simulation
2.1 Simulation of the muon tomography station system

B Construct the station in Geant4:

B Sensitive range: 20x20 cm?
B 4 detectors placed along z-axis
B Spacing between detectors is 29 cm

B 4 objects of different material is
placed in the detection zone:

6x6x6 cm? cube

Light blue: aluminum
Dark blue: iron
Green :lead

Red : tungsten

..
Reconstruction

Using the Monte Carlo simulations, we test the performance
of the station in tomographic reconstruction.

B Two algorithms are used: POCA and EM

B PoCA (Point of Closest Approach): a simple algorithm can
reconstruct image very fast. It assumes that the scattering
occurred due to one single scattering event located in the
PoCA point.

EM (Expectation Maximization): use iteration to improve the
quality of reconstructed image. It will cost a long time.

B.Satyanarayana, TIFR, Mumbai

High Energy Physics Seminar

2.2 Simulation of the cosmic ray muon

B We generate 2,000,000 (~21h) cosmic ray muons
on the surface of the top detector in the range of 40
x40 cm2,

B Approximately 17,000 events are detected pass
through all four detectors

B The acceptance angle is very limited because of
the small sensitive range

B The counting rate is m

This number is consistent with our experiment ‘

Conclusion

B Simulation work
B Our muon tomography station can be use to do reconstruction and material
discrimination.

B |t can do reconstruction using PoCA algorithm and performs better when EM
algorithm is used.

B To have 90% chance to discriminate lead from iron with zero false positives
requires ~40 min with precise momentum information and ~135 min with no
momentum information.

B \We can improve the performance of our station by just extend the sensitive
range.

B When the sensitive range is extended to 1x1 m?, the station's useful events
counting rate increases approximate 26 times.

B The large RPC station can discriminate lead from iron by 90% chance in ~1 min
with precise momentum information and ~5 min with no momentum information

March 18, 2014




YU Baihui (Tsinghua University)

iminary Analysis of the Influence of MRPC Detector Spatial
0 the Imaging Quality in Cosmic Ray Muon Tomography

A first impression...

Increasing detector separation ¢ will make
the track fitting more accurate, so Ay (the
error of the scattering angle Af) and A, (the

X

error of the deflection displacement Ax)
will all decrease.

Detector #1
X

x, j : 20

The influence of the spatial resolution of MRPC to the spatial
resolution of the reconstruction result

spatial resolution (mm)

3.443 3.681 3.375 3.008 2213 1019

Increasing FOV size F will make the muon
trajectory become longer, accompanied by

the larger accumulative error and the ¥
worse reconstruction result.

3.403 3336 3.430 2928 2530 1482 0525

3230 2.679 2.618 2.263 1.707 0.728 0.147

A&

1.904 1315 1.168 0.822 0.452 0.093 0.093

Clearly, the spatial resolution A, required

A P 5

from the MRPC detector is dependent on

\x

the detector separation d and the FOV size
F. For example, a scattering angle of 17
mrad would result in values for A, of 85
microns, 0.85 mm and 8.5 mm at 1, 10 and
100 cm separation distances respectively.

res, ocl/d

The influence of the distance between MRPC detectors
to the spatial resolution of the reconstruction result

= Reconstruction result
Theory result

the spatial resolution of the reconstruetion(mm)

20 20 w0 3|0 40
the distance between the detectors(mm)

B.Satyanarayana, TIFR, Mumbai

res_oc A

res o F

= Reconstruction resull
Theory result

0z 04 06 1

08 12 14 16 18
the spatial resolution of the detector(mm)

The influence of the FOV size to the spatial
resolution of the reconstruction result

o
R

= Reconstruction result
Theory result

= M
@ =]

=

the spatial resalution of the reconstruction(mm)

g , , .
&00 1000 1800 2000 2500
the FOV size(mm)

High Energy Physics Seminar

Conclusion

Preliminary analysis based on theoretical research and simulation experiment shows
the influence to the reconstruction spatial resolution from 3 factors: the MRPC
detector spatial resolution, the detector separation distance and the FOV size. This
work may help to predict the limit spatial resolution and guide the system designing.

‘Without considering the stochastic nature of moun tomography, the experiment result
has some deviation compared to the theory result in ideal condition .

Experiments on TUMUTY system should be continuously conducted and the
influence to the material distinguishing ability from the MRPC system will be studied
in the future.

March 18, 2014



“ q‘- Arindam (\ /E CC) Performance simulation of a MRPC-based PET

Imaging System

A powerful and sensitive technique for functional imaging in the field

of Nuclear Medicine, based on the detection of a beam of radiation transmitted
through the patient.

Steps of simulation: I “

t2

Basic Principle : Step 1. GEANT4 to study the conversion

A positron annihilation with measurement in of photons inside the detector material

emitting electrons in the electronic Detector 1 Detector2

Step 2. Standalone Monte Carlo code to

study the MRPC response via the
following procedures :

radiopharmaceuti tissue producing coincidence by
cal injection into twao back-to-back using opposing
the patient 511keV photons pairs of detectors

Primary lonisation
Avalanche development

Current calculation

Charge calculation

Time measurement of each detector

Correlated time measurement for a pair of detectors

Correlated time resolution At=11~t2

In TOF-PET, by measuring the time difference between the two
detected photons we can get the annihilation position along the line of
response

The width of the coincidence time difference = At (FWHM)
Width of the position of the annihilation AL (FWHM) =c At/2 = ¢(2.3550)/2

cocooCnC

R

Variation of time resolution with the distance
between source and the detector

Distance between Scintillator and
the MRPC: 44.5 cm

: ‘ 24¢ «Electronics delay has
Length is measured from the MRPC | 22F been subtractedywhi]e
(As Shf“][% 1n) the x axis of the plot , ; plotting the variation
in next slide =
) i 218 - «Errorbars in the y axis
Cglculas’ced tupe difference = Stop s 160 - is the statistical error
time - Start time H £
g 14
= (length/30)-((44.5-length)/30) £ F + 4 «From the plot, it can
T 12 ;
o - be said thata
Veloci.ty of gamma is £ £ position resolution
(velocity of light) = 30 cm/ns 0.8 + of 0.5 em can be
= B estimated with the
Electronicdelay between startand ] "‘ 0.6 © Caleulated current experimental
stop signal (during experiment): 0.4 set-up.

120.3ns source distance from MRPC (cm)
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FONJE, Paulo (L1P)  Towards Very High Resolution RPC-PET for Small

The basic idea for RPC-based TOF-PET Animals

)
The con-veljter—plate Use the electrode plates as a y converter, taking §
principle advantage of the natural layered construction of the g .
Stacked RPCs. < | Small animal PET - a first prototype S v e Ao
RPCs o : g e :
= = T interstrip position interpolation
NNl ala Aimed at verifying the concept and BE =

Timeresolution for 511 keV photons:
. rﬁ (our routine lab-testtool)

90 ps o for 1 photon

300 ps FWHM for the photon pair

show the viability of a
sub-millimetric spatial resolution.
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A previous work on PET with gaseous detectors
(21lead plates + 20 MWPCs = 7% efficiency)

“The Rutherford Appleton Laboratory’s Mark I Multiwire
Proportional Counter Positron Camera”

J.E. Bateman et al. NIM 225 (1984) 209-231

Full scanner for mice

interaction

Expected quantum efficiency
and resolution

2D measurement of the photon
interaction point

Conclusion

= An excellent space resolution of 0.4 mm FWHM was demonstrated in very

w . . . .
8035 -+ realistic conditions without software enhancements
,_% el (commercial tomographs > 1mm)
0 0.05 0.1 0.15 02 L ) o
efficiency = A full scanner for mice is in an advanced completion stage, yieldinga

preliminary resolution of0.52 mm FWHM
= [t seems that the absolute efficiency may approach the simulated one.

= A competitive sensitivity (peakNEC) of 318Kcps has been suggested by
simulations

= A very competitive PET scanner for small animals based on RPCs may be at
' L hand, featuring excellent resolution (very much in demand today), reasonable
“””"l " efficiency and low cost.

14
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ew Initiative

inating a CERN “RDxx” worldwide collaboration to
ment of RPC related technologies and strengthen the
ng various institutions.

to the research freedom of each group.

ers who will decide to join it. The participation of as
elcome, the only requirement being a genuine

po
activity.

all working items acco

the expressions of interest of each group.

the work results: organization,
und for relevant problems.

preparation of test beam facilities,

in future the possibility to get from our funding agencies a minimal
r common activities such as gas for beam tests, electronic pool.

te a strongly interconnected and possibly numerous community to gain
1onal weight and to face the collaborations/competitions of the next
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